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HAVE feen abundant reafon, fince the 
publication of my former volume of 
Odjervations on different kinds of air, to 
applaud myfelf for the little delay I made 
in putting ittothe prefs ; the confequence 
having been that, inftead of the experi- 
ments being profecuted by myfelf only, | 
or a few others, the fubject has now gain- 
ed almoft univerifal attention among phi- 
lofophers, in every part of Europe. In 
confequence of this, confiderable difcave- 
veries have been made by people of diftant 
nations; and this branch of fcience, of 
which nothing, in a manner, was known 
till very lately indeed, now bids fair to be 
farther advanced than any other in the 
whole compafs of natural philofophy. The 
attention which my former volume excited, 
has been a motive with me to continue mp 
42 own 
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own refearches, till I have been led to dif- 
coveries of more importance than any that 
I had made before, and of which I had*not 
at that time the moft diftant idea. It has, 
likewife, been the means of extending my 
acquaintance among philofophers,of whofe 
lights I have availed aie as my narra-, 
tive will witnefs. 7 


Sig. Felice #etans if Florence, Sig. - 
Landriani of Milan, and Mr. Lavoifier 
of Paris, have already announced, in their 
late publications on this fubje@, that they 
have much more to follow with refpe& to 
it, and that they are at prefent intent upon 
the inveftigation of it. Mr. Montigny 
(when I had the pleaftire of meeting him 
at Mr. Trudaine’ Ss, as mentioned in the 
courfe of the work) gave me an account of 
fome very curious experiments which he 
had made on inflammable air, and which | 
I expe he will foon communicate to the 
public. That veteran in philofophy, Fa- 
ther Beccaria of Turin, has alfo made fome 
valuable experiments of this kind, and will, 

I doubt not, profecute them with his ufual 
addrefs and fuccels. Mr. Bergman of Upfal, 
~ who, 


PREF AS EF. Vii 


who, as I have faid, wrote to me formerly 
on this fubject, has fince publithed a paper 
on fixed air in the Swedifh language, which 
I cannot read. Several ingenious perfons, 
whofe names are not yet known to the 
public, are, to my knowledge, engaged 
in thefe purfuits; and we are not with- 

out expectations from the oldeft /uimg 
Jathers of this philofophy, Dr. Brownrigg 

~ and Dr. Black, as well as other gentlemen 
in Scotland. Befides thefe, there mutt be, 
I doubt not, at leaft twice as many perfons 
at work upon this fubject, as I can have 
had any opportunity of hearing of, 


Upon the whole, there is not perhaps 
an example, in all the hiftory of philofo- 
phy, of fo much zeal and emulation be- 
ing excited by any objet. I even queftion 
whether the fubject of electricity, under the 
aufpices of Dr. Franklin, ever engaged 
more general attention; and now thele two 
purfuits are happily united, and admirably 
promote each other. 


In reality, this is not now a bufinefs of 
air only, as it was at the firft; but ap- 
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pears to be of much greater magnitude 
and extent, fo as’to diffufe light upon the 
moft general principles of natural know- 
ledge, and ‘efpecially thofe about which 
chymiftry is particularly converfant. And 
it will not now be thought very afluming - 
to fay, that, by working in a tub of wa-_ 
ter, or 4 bafon of quickfilver, we may per=— 
haps difcover principles of more extenfive _ 
influence than even that of gravity itfelf, 
the difcovery of which, in its full extent, 
contributed fo much to inampptalize the 
name of Newton. 


Having been the means of bringing fo 
many champions into the field, I fhall dich 
peculiar pleajure attend to all their at- 
chievements, in oxder to prepare myfelf, 
as I promifed in the preface to my laft vo- 
lume, for writing the /ifory of the cam- 
paign; and I truft that all my brethren in 
the {cience will have confidence in my ju- 
ftice to their relpective merits, 


I flatter myfelf, that the very frank and 
¢andid manner in which I have related what 
I have done myfelf, will procure me fuffi- 
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cient credit for my impartiality with refpeét 
to others... It will be very evident, that I 
have. left. myfelt hardly amy other merit 
than that of patient induftry and attention, 
and. that of keeping my mind fo far de- 
tached from the influence of prejudice, as 
.to be able to purfue fairly fuch cafual ob- 
Ps Sexypinna: as prefented. themielves to me. . 


eperes 18 Sathrte eerie in this volume 
from which I can Rats to derive any other 
kind of honour, than. that of being thein- 
ommiataiis os of diyine providence, 
which makes uf human) induftry to 
firike out, and diftate, that knowledge of 
the fyftem of nature, which feems, for fome 
great purpofe that we cannot as yet fully 
comprehend, to have been referved for this’ 
age of the world; ; concerning \ which {threw | 

~ out fome farther hints in my former pre- 

face, whieh the excellent French tranflator. 
was not a foan a in his verfion. | 


i 
I even Rin that I ratty flatter mylelf 
fo much, if it be any. flattery, as. to fay, 
that there is no hiftory of experiments 
more eras ingenuous than mine, and elpe- 
’, | Say 
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cially the Seétion on the difcovery of de- 
phiogifticated air, which is the moit im~ 
portant in the volume. I am not con- 
deious to myfelt of having concealed the 
leaft hint that was fuggefted to me by 
any perfon whatever, any kind of affift- 
ance that has been given me, or any 
views or hypothefes by which the experi= 
ments were directed, whether they were 
lia by the refult, or not. | 
In this volume the reader will find much 
light thrown upon many things which 
‘were inexplicable to me when I publithed 
the former volume; but, on the other 
hand, there are many things, in this, as in~ 
explicable to me now as the others were 
before ; and for the elucidation of them we 
muft wait for more —— and more 
ee | & . 


eat 
Aas in the preface to my former volume, 
T quoted a very ftriking obfervation of 
, Pather Beccaria, I fhall, in this, prefent my 
reader with 4 quotation from another Ita- 
Tian philofopher, the Abbe Fontana, which 


is as much to my prefent purpofe, ‘i 
we “ ee * 


Hs, 
PREFACE. ‘xi 


» * Le fifiche ricerche cominciate in quefti 
*‘ultimi anni con tanto fucceflo dai filo- 
** fofi, forfe per mera curiofita, fopra le 
* diverfe qualita e indole dell’ aria natu- 
** rale e fattizia, potrebbero in breve diven- 
** tare di fomma importanza. E par’ che 
*¢ gia ci avviciniamo ad una di quelle gran- 
“di epoche, che la natura conduce, dopo 
“un laffo di fecoli, e che marca con qual- 
“* che grande {fcoperta, per la felicita del 
* senere umano.” Ricerche Fifiche, p.21. 


In Englifh. 


‘© The inquiries that have lately been 


“ fo fuccefsfully begun by philofophers, 
<< perhaps through mere curiofity, into the 
“ properties Qn ait, natural and facti- 


4 


© tious, may foon come to be of the | 


“ greatelt importance. And we feem to 


* be already approaching to one of thofe’ 


*« great epocha’s, to which nature con- 
te: duéts us, after a lapfe of ages, and 
“ which fhe diftinguifhes by fome pieat 
“ difcovery, for the benefit cf mankind.” 
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To this fecond volume I have added a 
paper publifhed in the 6¢th volume of the 
Philofophical Tranfa@tions, on the con 
ducting power of charcoal, becaufe it has 
a near relation to the fubject of air; and 
becaufe it contains an account of many 
new facts, of a very remarkable nature, 
to which I with to draw the particular at= 
tention of philofophers and chymifts. 


I have alfo inferted the fubftance of the 
pam phlet on the wmpregnation of water with 
fixed air, having no intention to publith 
it any more feparately; prefixing to it a 
hiftory of matters relating to it, and fub- 
joining to it a comparifon of this method 
with another that has been invented fince, 
for the fame purpofe. I have alfo added 
an alphabetical index to both the volumes. | 


I am very forry to have had occafion to 
infert in this volume. a particular fection 
on the miffakes that have been made, with 
refpe@ to my Obfervations and Experi- 
ments, by feveral foreign philofophers. 
But they are fo many, and fo grofs, and 
made by perfons of fo much reputation, 

that 


PREFACE xill 
that I have thought it neceflary to do fo, 


both on my own account, and alfo to ob- 
viate fuch mifreprefentations of /adzs, as 
might retard the progrefs of philofophical 
knowledge, 


For thefe miftakes foreigners may plead 
the want of a perfect knowledge of the En- 
glifh language; and, in fome mealure, the 
plea may be admitted, though every per- 
fon fhould take care to make himfelf fully 
acquainted with what he propofes not only 
to underftand, but to explain to others. 


I imagine, however, that both Mr, La-_ 
voifier, and Sig. Landriani, took their 
accounts of my Experiments not from my 
‘own work in Englith, but from fome pre- 
ceding tranflations into French, and Ita- 
lian; taking for granted that they were 
exact. Sig. Landriani, lam confident, un=_ 
derftands Englith very well. He has lately 
informed me, that he will undertake the 
tranflation of all that I have written on the 
fubje&t of air; and he will, I doubt not, 
both do juftice to me, and credit to him- 
felf. Mr. Gibelin, who has acquitted him- 


4 . felf 
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felf fo well in the French tranflation of the 
firft volume of this work, has undertaken 
the fecond. I have, at his requeft, already 
fent him the printed fheets, and ‘I believe 
he will difpatch the work with all con- 
venient expedition. I have alfo reafon to 
think, that the tranflation of this work 
into High Dutch, by Dr. Ludewig of : 
Leipfic, will be very accurate. Upon the 
whole, therefore, I flatter myicli that, for 
the future, my fenfe will be fairly re- 
prefented ; and perhaps with more accu- 
racy, than if the miftakes I have been 
obliged to animadvert upon had not been: 

made, : 


I with that I could make as good an 
apology for Mr. B. Wilfon, as for the fo- - 
reign philofophers above-mentioned. This 
gentleman, in his late Lreatife on phof- 
phori, has animadverted upon me for 
fpeaking, in my Hiffory of difcoveries re- 
lating to vifion, light, and colours, of paper 
being red bot, and cooled again; when, in 
the printed errata of the book, he would 
have found, ‘* for red hot, read very hot.” 
This was a miftake of my amanuenfis, 

| and 
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and I thought it would be fufficienlty rec- 
tified, by inferting it in the errata, } 
fhould certainly have reprinted the leaf, 
if I could have fufpected that fuch an ufe 
would have been made of it. Before this 
gentleman points out any more of my 
miftakes, I hope he will take the trouble 
‘to fee whether I have not noted them my- 
felf; or, if his copy of my books fhould 
happen to want the printed errata, that 
he will fupply the place of it with a little 
candour. His paragraph relating to it, p. 
10, is as follows. 


“ Dr. Prieftley, in his Hzfory of Bec- 
“6 cari’s difcoveries, has mentioned a very 
‘¢ remarkable experiment. He tells us, 
*¢ that Beccari found that paper, after it 
‘¢ had been made red hot, and cooled again, 
‘© was an excellent phofphorus. I mutt 
s¢ own that, upon the ftrifteft refearch into 
‘6 the work to which he refers, I have not 
‘¢ been able to find any fuch account. Nor 
“© do I conceive in what manner paper 
“can be made red /ot, and afterwards 
*¢ cooled, without being reduced to athes. 


“| fhould 
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‘¢ J fhould, neverthelefs, be greatly obliged 
“¢ to the learned hiftorian, who relates the 
“experiment, for an explanation of his 
“ meaning, if he can point out the paf- 
*¢ faze to which his elaborate work re- 
66 fers,?? . 


Befides, except that the words red hot 
were not in the treatife I was abridging, 
I have nothing to alter with refpec to 
it. For if Mr. Wilfon does not know 
it at prefent, he may fatisfy himfelf in 
half a minute, that white paper always 
becomes red by heat, — it is turned 
eo | 
Having this occafion ‘to mention Mr. 
Wilfon and his book, which I think’to 
be, in feveral refpedts, a very valuable 
one, I muft farther obferve, that he takes 
every opportunity of cavillingat my Hi 
tory; when, admitting his pretended dif- 
coveries, which were fubfequent to the 
publication of that work, it is not lable 
to the leaft juft exception: ‘fince, as an 
hijiortan, 1 could not but take for granted, 

that 
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that there was no fallacy in the experi« 
ments of Mr. Canton and Father Beccaria, 
efpecially as they confirm the Newtonian 
doctrine concerning light. 


‘Father Beccaria had advanced, that the 
Bolognian phofphorus emits the very fame 
particles of light which it had imbibed; 
fo that, if red rays only had been thrown 
upon it, it would appear red, and if it had 
been expofed to blue rays only, it would 
appear blue, &c. PAil. Tranf. vol. 61. p. 
212. Mr. Wilfon endeavoured to repeat 
thefe experiments, but without fuccefs ; 
and becaufe, in the mannet in which he 
made them, all his phofphori appeared 
of the fame colour, he concludes, contrary 
to what Mr. Canton and Father Beccaria 
had fuppofed, that the light which the 
phofphorus emits,-is not the fame that it 
had imbibed ; but that there is a tranfmu- 
tation of the inflammable principle of the 
phofphorus itfelf into light. | 


I have not endeavoured to afcertain this 
fat, not having, as yet, any convenience 
for experiments of that kind; but I will 
take the liberty to fay, that a philofopher 

b of 
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of fuch a clafs as Father Beccaria, is intitled 
to the greateft refpe&; and that his con- 
clufions fhould not have been controverted, 
but upon much better grounds than Mr. 
Wilfon’s. For, from the manner in which 
lis experiments were made, I cannot but 
think them to have been inadequate to the 
objeét of them, and that they muift be con= 
fidered as indecifive. And whenever the 
experiments fhall be made with a ftronger 
and purer light, I have very little doubt 
but. that Father Beccaria- ‘will appear to 
have been in this, as wellas in‘all his other | 
numerous experiments, perfe@ily accurate, 
and that the conclufion which ‘he draws 
from them is ftri@tly juft, though contra-' 
dicted by Mr. Wilfon. In this, however, 
i may be miftaken. fod 
Having proceeded thus far in an account 
of the mifreprefentations of my meaning, 
advancing from a lefs to a greater caufe of 
complaint, from fimple admonition to re- 
prehention, I fhall go one ftep farther, to” 
take notice of a wilful and moit wicked 
perverfion of my meaning, in a bufinefs 
of much more importance than thofe 


which Ihave méntioned already. If it be 
; faid 
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faid that in this I digrefs too far, let it be 
confidered that, in a preface, authors have 
always claimed a right of faying whatever 
they pleafed concerning themfelves; and 
not to lofe this right, it muft now and 
then be exercifed.. It will be feen, how- 
ever, that, in this digreffion, I have views 
not very foreign to the fubjeét of a treatife 
addrefled to philofophers, 


Notwithftanding my ftudies and wri- 
tings are chiefly of a theological nature, 
and my philofophical purfuits only occa- 
fional; notwithftanding, in my In/fitutes 
of natural and revealed religion, 1 have an 
intire volume on the evidences of chrifti- 
anity, in which I flatter myfelf I have 
placed feveral parts of it in a new and 
ftronger light, and this from zclimation 
only, without a fhadow of zntereff to 
biafs me, I have been reprefented in an 
artful advertifement, frequently repeated 
in all the Englifh newfpapers, as not be- 
lieving in a future ftate. The author of 
the advertifement has, for this bafe pur- 
pote, quoted the following mutilated fen- 
tence from an E/fay of mine prefixed to 
| Z2 my 
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my edition of Dr. Hartley’s Obfervations 


on the human mind, p. 20. - 


“ T am rather inclined to think, though 
“ the fubject is beyond our comprehenfion 
“ at prefent, that man doth not confift of 
‘“two principles fo eflentially different 
** from one another as matter and /pirit, 
*‘ which are always defcribed as having 
** no one common property, by means of 
“ which they can affe& or act upon each 
“© other, &c. I rather think that the whole 
“man is of fome uniform compofition, 
‘‘ and that the property of perception, as 
*¢ well as the other powers that are termed 
‘* mental, is the refult (whether neceflary 
‘or not) of fuch an organical ftru@ure 
“as that of the brain. Confequently that 
‘* the whole man becomes extiné at death, 


66 &c.”? 


The wickednefs of this reprefentation 
will appear by reciting the remainder of 
the fentence. ; | 


“ at death, and that we have no 
*‘ hope.of furviving the grave, but what 
3 ig 
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“is derived from the {cheme of revela- 
“¢ tion,” 


In the fame page I alfo obferve that, 
though this do@trine favours the opinion 
of the lower animals differing from us in 
degree only, and not in Aid, ‘* it does not 
** neceflarily draw after it the belief of 
“their furviving death as well as our- 
*‘ {elves ; this privilege being derived to 
“us by a pofitive confiitution, and depend- — 
‘© ing upon the promife of God, commu- 
“* nicated by exprefs revelation to man.” — 


This affair has been the occafion of 
much exultation among dzgots, as a proof 
that freedom of thinking in matters of 
religion leads to infidelity ; and unbehev- 
ers, who have never read any but my phi- 
lofophical writings, have confidered me as 
one of their fraternity. ‘To the former I 
fhall fay nothing, becaufe it would avail 
nothing. To the latter, of whom I have 
more hopes, I would'take this opportunity 
of obferving (and in this 1 addrefs myfelf 
to foreigners more than my own country- 
men) that, as they will agree with me in 

. ee the 
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the opinion of the zatural mortality of the 
Soul, which is agreeable to every appearance 
in nature, it nearly concerns us to confider 
whether there be no evidence of a future 
life of retribution independent of the con- 
trary doCtrine, which has no countenance’ 
from the fcriptures *; that it argues ex-° 
treme narrownefs of mind, unworthy of 
the {pirit of philofophy, not to extend our 
views and inquiries beyond the circle of 
thofe objects about which natural philo- 
fophy is converfant, which terminate in 
gaining a knowledge of the vifible fyftem 
of nature; and that it behoves us to con- 
fider whether the great Author of nature 
has not afforded us fufficient data for 
knowledge infinitely more interefling to 
us, more immediately refpe@ting our re- 


* In this opinion I am far from being fingular. It is 
known to have been the opinion of Luther, and many of 
the moft eminent of the firft reformers. Of late years it 
has-been moft ably fupported by the prefent excellent 
Bishop of Carlifle, and is now generally adopted by ra- 
tional chriftians. ‘The opinion of the zatural immortality 
of the foul, had its origin in the heathen philofophy ;° 
and having, with other pagan notions, infinuated itfelf 
into chriftianity (which has been miferably depraved by 
this means) has been the great fupport of the popith doc- 
trines of purgatory, and the worjbip of the dead. 


: Jation 
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lation to himfelf, and his gracious provi- 
fion for our improvement and happinefs, 
not only in this zfancy of our being, but — 
to a period which has no bounds. 


Let philofophers, as certainly becomes 
their character, confider faé?s, and the 
phenomena of the human mind, as influenced 
by facts, and it muft appear to them to 
be utterly incredible, that chriftianity fhould 
have arifen, have been propagated, and 
have eftablifhed itfelf in the world, in the 
circumftances in which all hiftory fhews 
that it did arife, and was propagated, if it 
had not been founded on truth and fa@; 
fuch faéts as are ftridly the fubje& of 
hiftorical inveftigation. 


» The common objection againftt religion 
among philofophers is, that it was invented 
by artful interefted przefts, or wife magi 
firates: but it is not fact that chriftianity 
had any fuch origin. No prieft was con- 
cerned in the invention of -it, nor did any 
civil magiftrate fofter it: but, on the con- 
trary, it was violently oppofed by all 
priefts, and all magiftrates, wherever it ap- 
rae ee peared, 
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peared, and by its own evidence it trium~ 
phed over both. Thefe are /aés worthy 
of the attention of philofophers, as fuch. 


To quit this fubje& for that with which > 
I began this preface, and in which I fhall | 
be more attended to by philofophers in 
general, | would caution my reader not 
to be too fanguine in his expectations 
from the happy train which this branch 
of philofophy feems to be in. Confider- 
ing the unexampled rapidity with which 
difcoveries have hitherto been made in it, 
the number of perfons in many and diftant 
. countries now engaged in thefe purfuits, 
-and the emulation that is neceflarily ex- 
cited in fuch circumftances; and confider- 
ing, at the fame time, how nearly this 
fubje&t is allied to the moft general and 
comprehenfive laws of nature with which | 
we are acquainted ; fome may be apt to | 
imagine, that every year muft produce dif- 
 coveries equal to all that were made by a 
Newton or a Boyle; and I am far from 
faying that this may not be the cafe, or 
that it is very improbable. 


But, 
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But, though I have little doubt, from 
the train that things are vifibly in, that 
philofophical difcoveries in general will go 
on with an accelerated progrefs (as indeed 
they have done ever fince the revival of 
letters in Europe) it would be too rath to 
infer, from any prefent flattering appear- 
ances, that any particular expedition into 
the undifcovered regions of {cience will 
be crowned with more diftinguifhed fuc~ 
cefs than another. Nothing is more com- 
mon, in the hiftory of all the branches of 
experimental philofophy, than the moft 
unexpected revolutions of good or bad 
fuccefs. In general, indeed, when num- 
bers of ingenious men apply themfelves 
to one fubject, that has been well opened, 
the inveitigation proceeds happily and e- 
-quably. But, as in the hiftory of elec#ri- 
city, and now in the difcoveries relating 
to air, light has burft out from the moft 
unexpected quarters, in confequence of 
which the greateft mafters of f{cience have 
been obliged to recommence their ftudies, 
from new and fimpler elements; fo it is 
alfo not uncommon ‘for a branch of fci- 

1 ence 
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ence to receive a check, even in the moft 
rapid and promifing ftate of its growth. 


Judging, however, from my prefent 
views of the fubje@, Iam willing to hope 
that the beginning of this preface will not 
contribute to raife too high expectations. 
The incomplete experiments, indicated in the 
courfe of both thefe volumes, and efpeci- 
ally in the fecond, will, alone, furnifh mat- 
ter for, at leaft, as much experimental in- 
_ veftigation as all that I have yet, gone 
through; andI need not tell the real phi- 
lofopher, that many of them are of fuch 
a nature, as promife to reward the faga- 
‘cious experimenter with the moft impor- 
tant difcoveries, as they evidently border 
upon, and may lead to,’ much greater 
things than any that I have hitherto in- 
veftigated; and my 4s for other new 
experiments, which I have not thought 
it worth while to trouble the reader with 
at this time, are more than I have ever had 
before me fince I began thefe inquiries. 
‘From this I think I may reafonably infer, 
that the fubje& is fo far from being ex- 
haufled, that the molt that can be faid of it 
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is, that it is pretty well opened, {fo as to 
exhibit an inviting hay da to future in- 
veftigation. . j 


To accelerate this inveftigation, I have 
hitherto made the moft early publication 
of my obfervations, and have concealed 
from no perfon whatever any thing that 
has occurred to me; and though this con- 
duct has expofed me to fome inconveni- 
ence, [ am not yet difcouraged ; but, who- 
ever may avail themfelves of it, I hall, for 
fome time longer, at leaft, and I hope 
through life, perfift in the fame habit of 
the moft open and unreferved communica- 
tion, private and public. 


I have not in this volume, as in the 
- former, a fection of conjeétures, fpeculations, 
and ints, becaufe 1 have not yet fufh- 
ciently reflected upon the /ac/s that fug- 
geftthem. The facts, however, will fur- 
nifh abundant matter to thofe who are 
difpofed to fpeculate, and efpecially on the 
fubje&t of the mutual convertibility, and 
ultimate identity, of all the acids when 
combined with fubftances in the form of 
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air; but I chufe to wait for more fads, 
before I deduce any general theory. In 
the mean time the field is as open to 
others as to myfelf. 
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Had no fooner exhibited.the marine acid. 
in the form of air, than it occurred to me 
that it might be poffible to exhibit the other 
acids alfo in the fame elegant manner, di- 
vefted of the water with which they had hi- 
therto been combined, and which muft ne- 
ceffarily have been a great obftruétion to the 
difcovery of their real natures and affinities ; 
but not being’ a practical Chemift, and livirte 
in the country, where I had no’accefs to any 
perfon of that profeffion, and indeed not be- 
ing fufficiently able to explain my wants, .I 
met with many hindrances in the profecu-. 
tion of my inquiries into this fubject. 


My firft fcheme was to endeavour to get 


the vitriolic acid in the form of air, ahiieins 
ee that 
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that it would probably be eafy to confine it 
by quickfilver; for as to the nitrous acid, 
its affinity with quickfilver is fo great, that 
I defpaired of being able to confine it to any 
purpofe, as | have obferved in the former 
volume, p.273. I therefore wrote to my 
friend Mr. Lane, to procure me a quantity 
of volatile vitriolic acid, which is the common 
vitriolic acid combined with phlogifton, at 
the time that I was intent upon the profecu- 
tion of my former experiments ; but by fome 
miftake of my meaning, a different thing 
- from what I intended was fent me. 


Seeing Mr. Lane the winter following, he 
told me that if I would only heat any oily 
or greafy matter with oil of vitriol, I fhould 
certainly make it the very thing I wanted, viz. 
the volatile, or fulphureous vitriolic acid, and 
accordingiy I meant to have proceeded upon 
this hint, but was prevented from purfuing 
it, by a variety of engagements, till after the 
publication of my late treatife. 


Some time after this, I was in company 
with Lord Shelburne at the feat of Monf, 
Trudaine, at Montigny in France, where, 
with that generous and liberal {pirit by which 
that nobleman ts diftinguifhed, he has a com- 
plete apparatus of: philofophical inftruments, 

with 
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with every other convenience and affiftance 
for purfuing fuch philofophical inquiries as 
any of his rumerous guefts fhall chufe to en- 
tertain themfélves with. In this agreeable 
retreat | met with that eminent philofopher 
and chymift, Monf. Montigni, Member of 
the Royal Academy of Sciences; and con- 
verfing with him upon this fubyect, he pro- 
pofed our trying to convert oil of vitriol into 
vapour, by boiling it with a pan of charcoal 
ina cracked phial. This fcheme not anfwer- 
ing our purpofe, he next propofed our heating 
it together with oil of turpentine. Accord- 
ingly we went to work upon it, and foon pro- 
duced a quantity of fome kind of air con- 
fined by quickfilver; but our recipient being 
overturned by the fuddennefs of the produc- 
tion of air, we were not able to catch any 
more than the firft produce, which was little 
elfe than the common air which had lodged 
on the furface of the liquor, and which ap- 
peared to be a little phlogifticated, by its not 
being much affected by a mixture of nitrous 


| ar. 


Having no opportunity of repeating the 
experiment at that tirhe, I did nothing with 
a view to it till my return to England ; when; 
on the 26th of November, 1774; I refumed 
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the operation, beginning with olive oil, and 
by the helo of a more convenient kind of. 
clafs veffel, reprefented fig. a, which I had® 
procured for'thefe and. other‘fimilar purpoles, - 
I found: very little difficulty in the profecu-- 
tion n of the experiments. 


“Ag I with that my teader may enjoy the 
benefit of my experience, I would caution” 
him, if he ‘chufe to repeat the experiments, 
not to put too much oid, or any other fimilar’ 
fabftance, to the oil of vitriol, in order to 
produce this’ air. I began witli ufine about 
one fifth part of common oil, leaving fpace 
enough, as | thought, in the phial, for the 
ebitiion that might be occafioned by the 
production of air, “ber! as foon’as the veffel 
was héated to a cérdit deeree; the produc-* 
tion of air was exceedingly rapid ; and though — 
[-withdrew the candle which I had applied’ to 
it for that purpofe, the ebullition: continued té- 
ineveafe, tilly the eapacity of the tube not. 
being fufficient forthe tranfmiffion of the oes 
amie air, the cork was driven out of he 
phial, and all the contents of it exploded. 


After this I only flightly covered the fpirit ’ 
of ‘vitriol in the phial with olive oil, and then 
the phenomena were fimilar to thofe in the for- ’ 
mer experiment, at the. fame time that the 

proceis 
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-proceis was more manageable sor, by y apply- 
ing or withdrawing the candle, as I faw occa- 
fion, I got) what quantity of air I pleated; 

and removing. the phial, in this {tate of ebul- 
lition, from one vefiel to another, I filled feve- 
ral of them with this new fpecies of air; as 
eafily as I had been ufed to do it with the ma- 
rine acid air; and the whole procefs was as 
pleafing and as elegant. Indeed, this man- 
mer of producing air from fubftances  con- 
tained in fmall phials, and receiving the pro- 
duce in. quickfilver, when it is of fuch a 
nature that. it cannot be confined by water, 
has never failed to ftrike every, perion to whom 
I have siege it. i 


aT he moment oa I faw the cid of vitriol 
affume the farm of air by the addition of phlo- 
gifton, I-coneluded that the marine acid alfo 
muft.have been capable of being exhibited 
in the fame manner, by means of the phlo- | 
gifton which itnaturally contains, and which is 
infeparable from it; ard moreover, that, pro- 
bably, fome portion of phlogifton may be ne. 
ceflary to the volatility and elafticity of all 
fubftances whatever; fo that.the marine acid 
air may not be preciiely what 1 had be- 
fore imagined, viz. the pure marine acid in the 
form of air; but that, though it is by this 
means exhibited free from water, which, ina 
B 3 variety 
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variety of refpeéts, modifies and reftrains its 
action upon various bodies, it is ftill combined 
with a portion of phlogifton. Since, how- 
ever, all the bodies with which we are ac- 
quainted are, in fome degree, elaftic, being 
capable, at leaft, of being condenfed by cold, 

and dilated by heat, it may not be poffible to 
feparate this principle intirely from any fub- 
ftance in nature; and therefore, in a fenfe fuf- 
ficiently near the truth, it may ftill be faid 
that the marine acid air is nothing but the 
marine acid ; the phlogifton it contains being 
fo {mall, as not to be difcoverable by any of 
the ufual tefts of its prefence. 


eee any air is produced from the mixture 
of inflammable matter and oil of vitriol, the 
whole quantity becomes very black; and a 
quantity of this fpirit, thus impregnated with 
phlogifton, will yield many times more air 
than an equal quantity of the ftrongeft fpirit 
of falt: but I never meafured it with. any €X; 
actneds. 


When the vitriolic acid air is produced in 
great plenty, the top of the phial in which it 
is generated is generally filled with white va- 
pours. ‘T’his air has alfo. the {ame appearance 
as it is tranfmitted through the glafs tube, and 
It Is fometimes difcoverable in the recipient. 

2 Vitriolic¢ 


Of Vitriohe Acid Air. “y 
Vitriolic acid air is equally tranfparent with 
marine acid air, and feems to have no more 
affinity with quickfilver,; for when confined 
by quickfilver, the dimenfions of it are not 
liable to any variation, excepting by heat 
and cold, juft like common air; provided » 
there be no moifture in the recipient, or in the 
guickfilver. As the refemblance between © 
thefe two acid airs was fo great, it was natural 
for me to have a view to the experiments I had 
made with the marine acid air, in conducting 
thefe that relate to the vitriolic acid, which 
the reader will eafily perceive. 


Water being admitted to the vitriolic acid 
air abforbed it about as readily as the ma- 
rine acid air; and by its union with it muft 
have formed the volatile or fulphureous acid 
of vitriol. Indeed the refult of this combi- 
nation was fo obvious, that I did not think 
it neceflary to make the experiment. 


Like the marine acid air, this vitriolic acid 
air extinguifhes a candle, but without any 
peculiar appearance in the colour of the flame, 
as it goes out, or as it is lighted again, which 
is obfervable when the experiment is made 
with the marine acid air. Vitriolic acid air is 
alfo heavier than common air ; for a candle 
being let down into a veffel filled with it, was 

B 4 extinguifhed 
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extinguifhed many'times fucceflively, and even 
“after, it. had ftood a full hour with its mouth 
expofed to the common air. 


ees inftantly diffolved in this, as well as 
in the marine acid air, and the water impreg- 
} nated with it continues to diffolve more ice. 
Upon this occafion I obferyed that this acid 
air bears to .be expofed to. cold, without any 
greater diminution of its bulk chan common 
air is fubject to in the fame circumftances ; 
which appears to me to bea fufficiently proper 
criterion to diftinguifh air trom vapour. Ina 
certain degree oe heat, indeed, even water 
may be exhibited in the form of air; but it 
is a degree of heat that far exceeds what is 
ufual in our atmofphere ; and in other cafes 
_ terms are applied to very great ufe, for the 
diftintion of bodies, which, “if examined with 
ftrictnefs, would be found aacqatels to run 
into one another, the difference between them 
being in degree rather'than in kind: but a very 
great difference in degree affords a’ fufficient 
foundation for a difference in sppeuarien. 


The phenomena which attend the mixing 
of alkaline air with the marine acid air, were 
‘fo ftriking, that I had not been many hours i in 
poffefiion of the vitriolic acid air without try- 
ing whet] her the effect of the fame mixture with 

this 
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this acid air would not make 2 fimilar appear- 
ance, and the.experiment fully anfwered my 

expectations. A like beautiful white. cloud 
was formed. the moment that thefe. two kinds 
of air came into contact, the quantity of aiy 
was diminifhed as faft as the alkaline air was 
admitted, and the quickfilyer rofe almott to 
the top of the. receiver. 


I obferved aa: shat when i put the alka- 
line air to the Bika acid air, the white 
cloud rofe immediately to, the top of the vef- 
fel, as in the experiment with the marine acid 
air; which proves that the alkaline air is, in 
both. cafes, the lighter of the two. In both 
cafes alfo, if the alkaline air be produced firft, 
the acid air being admitted to it, forms a cloud 
which refts pon the quickfilver; never ex- 
tending beyond a yery {mall fpace, and rifing 
only as the quickfilyer rifes. The fubftance 
that is formed by the union of the alkaline air 
with the vitriolic acid air, muft neceffarily 
be the vitriolic fal ammoniac; but I made no 
experiment to afcertain it, The quantity of 
this falt with which my receivers are coated in 
thefe experiments is readily diffolved in water, 
as in the experiments with the marine acid air. 
This, however, it will be feen, is not the 
cafe with the falt that 1s formed by another of 
the acid airs with alkaline air. 

The 


10 Of Vitriole Acid . Air. 


The mixture of other kinds of air with 
witriolic acid air produced no remarkable ap- 
pearance whatever. When, however, I had 
put a quantity of this acid air to a quantity of 
common air, in order to obferve whether the 
former might not part with fome of its phlo- 
gifton to the latter, though I perceived no 
immediate Aininneis of the bulk of air, as 
in the mixture of nitrous and common air; yet 
when they had continued together two days, 
and water being admitted to the mixture had 
abforbed the acid air, the common air which 
remained appeared, by the teft of nitrous air, 
to be confiderably injured; fo that the vitriolic 
acid air muft have communicated fome of its 
phlogifton, which 1s an effect that is not pro- 
duced by the marine acid air when mixed with 
common air. What effect the vitriolic acid 
air would have had upon other kinds of air, 
had they continued together a longer time, | 
cannot tell, 


A quantity of this acid air mixed with in- 
flammable air ftood fome hours; but when 
water had been admitted to them, I could not 
perceive either that the quantity of inflam- 
mable air was altered, or that its inflamma- 
pility was in the leaft impaired, 


I once 
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I once put equal quantities of marine and 
vitriolic acid air into the fame receiver, and 
obferved that they mixed without exhibiting 
any appearance whatever; and when alkaline 
air was admitted to them, the appearance was 
the fame as if it had been admitted to either 
of them fingly, the white cloud rifine inftantly 
to the top of the veffel. Had I, after the ex- 
periment, examined the /alts which adhered 
to different parts of the infide of the veffel, 
I might perhaps have difcovered which of the 
two acid airs was fpecifically lighter than the 
other; but I fufpect that they were intimately 
mixed, and therefore that the falt was fome 
uniform compofition, between the common 
and the vitriolic fal ammoniac, 


I thought it rather extraordinary, that where- 
as the marine acid, which is reckoned the 
weakeft of all the three mineral acids, fhould, 
when exhibited in the form of air, be able to 
diflodge both the vitriolic and the nitrous acids 
from feveral of their bafes; yet that this vi- 
triolic acid, which is reckoned the ftrongeft 
of the three, when feemingly exhibited to equal 
advantage, by being divefted of the water with 
which it 1s ufually combined, fhould not, in 
any inftance in which I made the experiment, 
diflodge either of the other acids from any 
bafis with which they were united. Nitre, 

) esses 
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common fali, and fal ammoniac, were all ihtro- 
duced to this air, without either affecting it, 
or being affected by it. 


Vitriolic ether imbibes vitriolic acid air as 
readily as water imbibes it. The ether, how- 
ever, was foon faturated with it, and atter- 
wards was, to all appearance, both as tranf- 
parent, and as inflammable as before. 


A piece of phofpborus remained a day and 
two nights in vitriolic acid air, without fen- 
fibly affecting it. It gave no light in this air, 
but the wpper furface of it tarned black, and 
the furface of the quickfilver en which it lay, 
had a deep yellow or blackifh kind of {cum 
upon it, as if it had been 1 in part diffolved by 
the acid, 


_ From is readily diffolved in amarine acid air, | 
but is not at all affected by the vitriolic acid 

air; though, when combined with water, it 
is fe powerful a menftruum for iron. But 
this, indeed, is the lefs extraordinary, as this 
seid ceales to affect iron when it is ftrongly 
concentrated. I kept a number of iron nails 
in vitriolic acid air two days, without any fen- 
fible effect either upon the air, or the nails, 
There was no ab penenes of their being in the 


leaft coroner 
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A piece of sieve of fulpkur, in three days, 
disterbed the whole of a quantity of this kind 
of air, without fenfibly affecting the colour or 
appearance of thé liver of fulphur. 


Charcoal, oie farts inflammable air, by 
béing introduced to marine acid air, only ab- . 
forbs the vitriolic vadid air; which, however, 
it does pretty rapidly, and aeguiites a pungent 
fmell from being éxpofed to it, without pro- 
ducing any other effect that I could perceive. 
I made feveral pieces of charcoal imbibe as 
much-of this acid air as.they could, but, after 
this, frefh pieces abforbed the remainder, fo 
that the air had only been, as it were, con- 
denfed on its fuirface. This I have obferved 
to be the cafe with alkaline air, and in fome 
experiments with other kinds of air which” 
cannot be confined but by quickfilver; and 
I do not piety underftand it. The char- 
‘coal, in this experiment, was-made very dry, 
or it might have been fufpected that the moif-" 
ture: adhering to it had abforbed the air. Ess 

Vitriolic acid air diffolved camphor pretty 
readily, and reduced it toa tranfparent liquor. 
Water being admitted to it, the camphor re- 
affumed its natural folid form, but feemed to 
have acquired an acidity in its tafte. 


i { have 
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I have noticed a very remarkable effec of 
alkaline air upon alum, rendering it white and 
opake; as if it had been calcined, but without 
altering its figure. The farhe; to appearance; 
is the effect of vitriolic acid air upon Joran. 
This fubftance abforbed a pretty large quan- 
tity of this air in two days: What remained 
of the air extinguifhed a candle: But this 
effect was probably owing to a fmall propor- 
tion of fixed air that was produced at the fame 
time with the vitriolic acid air. I repeated 
this experiment with borax; and let the pro- 
cefs continue three days, when the effect was 
precifely the fame as before, the borax retain- 
ing its form, but being rendered whité and 
opake. The acid ait had, no doubt, feized 
“upon the water which enters into its compofi- 
tion, as I conjecture to be the cafe with 5 as 
to alkaline air and alum, 


As it is well known that the common vi-| 
triolic acid is changed into volatile or fulphu- 
reous acid of vitriol by fumes of charcoal, if 
the veffel in which it is heated has a crack in 
it, through which the fumes can have accefs 
to the acid, I had the curiofity to try whether 
the fame effect would not be produced by heat~ 
ing the charcoal in the acid. Accordingly I put 
fome bits of charcoal into my phial, inftead of 


the ou, or other inflammable matter, which J 
had 
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had ufed before; and, applying the flame of 
a candle, I prefently found that the vitriolic 
acid air was produced as well as in the former 
procefs, and in feveral refpects more con- 
veniently, the production of air being more 
equable; whereby the difagreeable effect of a 
fudden explofion is avoided. | 


It is neceffary, however, that the charcoal 
be very well burned, fo that all air be expelled 
from it; otherwife, there will be a mixture 
of fixed or infammable air along with the 
acid air, efpecially when a confiderable degree 
of heat is applied to produce the air. Hav- 
ing often got vitriolic acid air from charcoal, 
on account of the eafy and equable production 
of it in this manner, I feveral times obferved 
that there was a confiderable refiduum after 
it had been expofed to water: and once I found 
that the refiduum made lime-water turbid; 
a fure fign of its containing fixed air. 


When I endeavoured to procure this air by 
“the fame procefs from ether, about one half of 
the produce was permanent and inflammable. 
The oil of vitriol became perfectly black by 
this means, as in heating other phlogiftic mat- 
ters in it, Afterwards, heating the fame oil 
of vitriol and ether, about one fourth of the 
‘produce only was inflammable ; and had I con- 

| tinued 
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tinued to ufe the fame mixture, the -predlied 
would probably have been lef and lefs inflam: 
mable, i more a acid, every experne rrr. 


Finding that a oteat variety of fubftances, 
containing phlogifton, enabled the oil of vitrio? 
to throw out a permanent acid ait, I Had fome 
fufpicion that mere beat might do the fame ; 
butt did not find that there was any founda- 
tion for that fufpicion. When, indeed; I put 
nothing into the phial along with the oil of 
vittiol, but only heated it “ia phial clofed 
with a common cork, air was produced pretty 
faft; but the cork was cotroded; and the oif 
of vitriol was‘as black as if the cork had “been 
dipped into it, fo that phlogifton had eévi- 
dently come from the cork. It was plain; 
however, that fome acid'vapour had rifen, or 
the cork could not have been affected by it. 


When, however, by the help of Mr. Parker; 
T got olafs phials with ground. ftopples, per- 
forated: and drawn out into tubes, fuch as 
are reprefented fis. c, I found that heating the 
Oil of vitriol in theta produced _ no air what? 
ever; though, for a long time, I eave a {mall 
phial as much heat as 7 pofhbly could, by 
Keeping it furrounded ‘with thé fames of two 
large candles. I was not able to make it ac- 
tually boil with this heat, but a white vapour 


ifiued: 


7 
| OP Vitriolie Acid Air. ' 


iWfued from it; ahd circulated in thé top of 
the phial, rifing in one place, and being con- 
denfed in another. 


But though I gét no dir from the oil of 
vitriol by this procefs; air was produced at 
the fame time; in a manner that I little ex- 
pected, and J paid pretty dearly for the dif- 
covery it occafioned. Defpairing to get any 
air from the longer application of my candles,. 
I withdrew them; but before I could difen- 
gage the phial from the veffel of quickfilver; 
a little of it paffed through the tube into the 
hot acid; when, inftantly, it was all filled 
with denfe white fumes, a prodigious quantity 
of air was generated, the tube through which it 
was tranfinitted was broken into many pieces, 
(1 fuppofe by the heat that was fuddenly pro- 
duced) and part of the hot acid being fpilled » 
upon my hand, burned it terribly, fo that the 
effect of it is vifible tothis day. The infide 
of the phial was coated with a white faline © 
fubftance, and the fmell that iffued from it 
was extremely fuffocating. 


This accident taught mé what I am fur- 
prized I fhould not have fufpected before, viz. 
that fome metals will part with their phlo- 
gifton to hot oil of vitriol, and thereby con- 


vert'it into a permanent elaftic air, producing 
C the 
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the very fame effec with oil, charcoal, or 
any other inflammable fubftance. 


Not difcouraged by the difagreeable acct- 
dent above-mentioned, the next day I put a 
little guickfilver into the phial with the ground. 
 ftopple and tube, along with the oil of vi-. 
triol; when, long before it was boiling hot; 
air iffued plentifully from it; and being re- 
ceived in a veffel of quickfilver, appeared to 
be genuine vitriolic acid air, exactly like that 
which I had procured before ;_ being readily 
imbibed by water, and extinguifhing a candle © 
in the fame manner as the other had done. A 
white falt was formed; but what 1 thought a 
little remarkable, was, that, whereas in all the 
former experiments the oil of vitriol turned 
black before it yielded any air ; this was not the 
cafe here; for it continued colourlefs and tranf- 
parent during the whole procefs. 


After this I repeated the experiment with. 
feveral other metals ; but with a confiderable 
variety in the refults, | 


Putting pieces of iron wire into the oil of 
vitriol, a very {mall quantity of air was pro- 
duced without heat; but this foon ceafing, 
I applied the candle, when, with a degree of 
heat, feemingly greater than that at which the 

air 
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air had rifen from the quickfilver in the fame 
circumftances, air was produced in great plen- 
ty. When I had got about three ounce 
meafures of it, I admitted’ water to it, and 
about four fifths of the whole was prefently 
abforbed. The remainder was inflammable, 
burning very red. at | 


Had the oil of vitriol been more concen-) 
trated, or had [ continued the procefs longer, 
a’ greater proportion of ‘the. air would: pro- 
bably have been acid, and lefs of it inflam- 
mable. In this experiment the oil of vitriol 
bécame very opaque, being ofa deep grey 
colour. The iron which had undergone this 
procefs, and which I had laid afide without 
any expectation, was, in afew days, covered 
with a whitifh duft; and after it had been» 
wiped clean, was covered again with the fame 
matter, It is very much uilike the rufting of 
iron in other circumftances. 


a 

About one third of the produce of air from 
zinc, was acid; ‘and the remainder inflam- 
mable. Indeed it was evident that the acid 
- had a confiderable effect upon the zine before 
the application of the candle, {mall bubbles 
of i Contlnadily rifing Pi it. wa of 
vitriol, which had been ufed in this procefs, 
C2 gl after 
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after 2 long time, depofited a white matter, 
which I fuppofe to be the flowers of zinc. 


Copper, treated in the fame manner, yielded . 
air very freely, with about the fame degree 
of heat that quickfilver had required, and the. 
air continued to be generated with very little 
application of more heat. The whole pro- 
_duce was vitriolic acid air; and no part of it 
inflammable. The oil of vitriol remained a. 
long time turbid, but at length depofited a. 
brownith matter. | 
res 
The (Sesion of fiver in the fame manner, 
had the very fame refult; all the air being acid, 
and no part ‘of it iAflammable. The oil of vi-. 
triol acquired ja, Kinds of orange-colour, and. 
depofited nothifig, 


With a very we degree of heat /ead 
yielded a little air; W ich was wholly acid, 
and had nothing inflammable in it. 

Gold yielded no air at all in cits treatment ; 
but the oil of vitriol acquired the fame orange- 
colour that it had when the filver had been 
heated in it. e : 


Acither had. this treatment of platina any ’ 
fenfible effe&. What I made ufe of was fome 
: ae which 
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which I had been favoured with from Dr. Ir- 
ving carefully purged from iron. 


In moft of thefe proceffes, air feems to iffue 
from the fubftances immediately upon the ap- 
plication of heat, and fometimes without it : 
and this firft produce of air forms bubbles, 
which continue fome time on the furface of the 
liquor. But it feems to be nothing more than 
the common air which had adhered to the fur- 
faces of thofe fubftances, or had been confined 
ia the little cavities near the furface, when they 
happened to be rough. For this feeming pro- 
duction of air foon ceafes, and no more is pro- 
_ duced without a much greater degree of heat ; 
and when the genuine acid air begins fo rife, 
bubbles formed by it break inftantly, like 
bubbles of air in fpirit of wine, and there is 
nothing like froth on the furface of the oil of 
vitriol, 


As fulphur is formed by the union of phlo- 
gifton with oil of vitriol highly concentrated 
and very hot, I imagined that by heating fub- 
ftances containing phlogifton in vitriolic acid 
air, I could not fail to produce fulphur ; but 
I tried charcoal in this manner without the 
effe&t that 1 had expected from it. The heat 
of a burning lens thrown upon it in this acid 
air, only made it throw out that quantity of 
gc air, which, as I have obferved before, is 

ot condenfed 
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condenfed upon. its furface, or imbibed by it. 
The air that was unabforbed after this opera- 
tion was in part fixed, and in part inflam- 
mable, having come from the charcoal. 


There was frequently, however, the ap- 
pearance of fulphur produced upon the mix- 
ture of alkaline air with vitriolic acid air’; 
for the infide of the tube would. be covered 
with a perfectly yellow matter. But this 
colour goes off in time, and nothing but a 
white faline fubftance remains. This yellow 
appearance I firft obferved when | had pro- 
duced the vitriolic acid air from ether; but 
afterwards I found the fame effect when it was 
produced from charcoal, and ftill more re- 
markably when it had been produced from 
copper. Why this yellow colour fhould not 
be permanent, I do not underftand, 


ore. 
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Sec TION UN. 
‘Of VEGETABLE Acid Air. 
* 


Having hit upon a method of exhibiting 
fome of the acids in the form*of air, nothing 
could be eafier than to extend this procefs to 
the reft. I had nothing to do but either to 
procure the acid in a liquid form, viz. com- 
bined with water, and then expel the air by 
heat; or to find fome folid fubftance in which 
it was combined, and, diflodging it by fome 
ftronger acid, to receive the generated air in 
quickfilver, ‘ 


To procure the vegetable acid air, I was 
favoured by Dr. Higgins, with a quantity of 
exceedingly ftrong concentrated acid of vine- 
gar, from which, by means of heat, and with 
the apparatus reprefented vol. I, plate 2. fig. 8. 
I could ‘eafily expel as much air, as from an 
equal quantity of fpirit of falt. I found, 
however, that unlefs the apparatus was fur- 
nifhed with a {mall recipient, to intercept the 
liquor that might be thrown out of the veffel 
by boiling, I could not (except at the very 
firit) procure this acid air free from moifture : 

A C4 but 
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: but with this provifion I eafily got the air as 
perfectly dry as I could with. 


This vegetable acid air extinguifhes the 
flame of a candle, exactly like the ‘vitriolic 
acid air, viz. without any particular colour 
of the flame in going out, or in lighting 
Again. % 


Upon putting alkaline air to vegetable acid 
air, the white cloud obfervable in fimilar mix- 
tures was inftantly. formed, and rofe at once 
to the top of the veffel, as in the cafe of the 
other acid airs. The fides of the veffel in 
which this mixture was made, were tinged 
with yellow, as in the fame procefs with vitrio- 
lic acid air ; which to me is a puzzling fact, 
as I do not know. that fuch a fulphur (if the 
fubftance be fulphur) was ever known to he 
formed without the vitriolic acid, At firft I 
imagined that this colour had come from fome- 
thing contained in the ingredients for,making 
the alkaline air; but I prefently ¢oynd, that 
when I put the alkaline air, from the very, 
fame preparation, to marine acid air,. the falt 
formed by them was perfectly —_ without 
the leaft Hinge : of yellow, ‘es 

‘The affinities both of. the marine inal of the 
giipiolic™: acids j in . the foryy of ses have been 

feen 
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feen to be confiderably different from what 
they are when combined, as ufual, with water ; 
but in all the trials that I have made, the ve- 
getable acid, even in this moft advantageous 
form of air, appears to be weaker than any of 
the three mineral acids, exaétly as might be 
concluced from what was known before con- 
cerning it. For this vegetable acid air was 
not able to decompofe any fubftance into the 
compofition of which any of the mineral acids 
entered, It made no impreffion upon brim- 
ftone, falt-petre, common falt, or fal ammoniac 

nor yet upon dorax, * ; 


Charcoal imbibes vegetable acid air very 
faft, and afterwards the fmell of it is ex- 
tremely pungent ; but the air which remains 
feems not to have been altered by any thing 
that it had got from the charcoal. 


_ Liver of fuipbur imbibes vegetable acid air 
kut flowly, and is neither difcoloured nor dif- 
folved by it. When only one tenth part of 
the air remained, I examined it, and found it 
to have nothing inflammable in it, which was 
the only effect that I had expected from it, 

+ | 


Water imbibes vegetable acid air as readily 
as any ofthe other acid airs. I once endea- 
youred to afcertain the quantity of this air that 

a given 
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a given quantity of water would imbibe and 
to meafure' the increafe of weight and bulk 
that it might acquire by this impregnation, as 
J had in fome meafure done with refpect to the 
marine acid, and alkaline airs: but the expe- 
riment did not fucceed to my wifh ; and I did. 
not think it worth my while to attempt it 


again. | 


For this purpofe I put a {mall quantity of 
water into a glafs tube; but it was no fooner 
introduced to the acid air, through the quick- 
filver, by which itswas confined, than a fmall 
bubble of common air at the clofed end of the 
tube began to fwell, and it continued to do fo 
till it threw out all the water, The cafe was 
the fame when the end of the tube was her- 
metically fealed. I had the fame refult from 
fpirit of wine introduced into this acid air, in 
the fame circumftances, only the effect was 
produced much quicker. With oil of turpen- 
tine this effect was produced more quickly 
“ftill; but with olive oi] much more flowly. | 

# < 


From this experiment I was led to imagine, 
that common air received a great expanfion by 
the effuvium of this vegetable acid; and I 
therefore expected that. a quantity of the 
liquid acid admitted to common air, confined 
by quickfilver, would make it expand as 

ether 
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ether had done; but this was fo far from 
being the cafe, that, after fome time, the air 
appeared to be diminifhed, and extinguifhed 
acandle, fo that it muft have got phlogifton 
from the acid. 


I made a fecond experiment of this kind, 
the refult of which was, that a quantity of 
common air, which had been expofed fix weeks 
to the efluvium of a {mall quantity of the 
liquid vegetable acid (contained in» a cup, 
which fwam upon the furface of the water, by 
which the air was confined) was fo far in- 
jured, that two meafures of it, and one of 
nitrous air did not occupy the fpace of quite 
two meafures; that is, it was almoft as noxi- 
ous as it could be made by any phlogiftic pro- 
cefs, 


Sufpecting that the water, which was rather 
foul, might have contributed to this i injury, I 
expofed, for the laft five weeks of the time, 
an equal quantity of common air, in a jar of 
the fame fize, ftanding in the fame trough of 
water, and in all other refpects in fimilar cir- 
cumftances. But this air, though a little in- 
jured, was hardly to be diftinguifhed from 
common air; fo that there could be no doubt 
but that, in the laft-mentioned experiment, 

3 the 
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the injury which the air had received, came 
from the effuvia of the vegetable acid. 


Vegetable acid air is abforbed pretty readily 
by of#ve oil. A quantity. of this oil abforbed 
about ten times its bulk of this air; and from 
being of a yellowifh colour, as this oil na- 
turally is, it became almoft colourlefs, like 
water ; which I thought not a little remark- 
able; as ail the other acid airs deepen the 
colour of every fpecies of oil, making them 
brown, and at the fame time vifcid, approach- 
ing to the confiftence of refin; whereas this 
oil, in the experiment juft now mentioned, 
became rather lefs vifcid than before, a little 
approaching to the limpidity of water, or 
rather, more refembling an effential oil, 


SEC 


Of Dephlogifticated Air, Bec, 29 


S.E-CeT+h.O Ni Uh 


Of DEPHLOGISTICATED “irs and of the confti- 
tution of the Atmofphere, 


The contents of this fection will furnifh a 
very ftriking illuftration of the truth of a 
remark, which I have more than once made 
in my philofophical writings, and which can: 
hardly be too often repeated, as it tends great- 
ly to encourage philofophical inveftigations ;- 
viz. that more is owing to what we call chance, 
that is, philofophically fpeaking, to the ob- 
fervation of events arifing from unknown caujfes, 
than to any proper déefign, or pre-conceived 
theory in this bufinefs. This does not appear 
in the works of thofe who write /yntbetically 
upon thefe fubjects ; but would, I doubt not, 
appear very ftrikingly in thofe who are the 
moft celebrated for their philofophical acu-., 
men, did they write analytically and ingenu- 
oufly. 


For my own part, I will frankly acknow-. 
ledge, that, at the commencement of the ex- 
periments recited in this fection, I was fo far 
from having formed aby hypothefis that led to 
the difcoveries I made in purfuing them, that 

they 
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they would have appeared very improbable to 
me had I been told of them; and when the 
decifive facts did at length obtrude themfelves 
upon my notice, it was very flowly, and with 
great hefitation, that I yielded to the evidence 
of my fenfes. And yet, when I re-confider 
the matter, and compare my lait difcoveries 

relating to the conftitution of the atmofphere — 
with the firft, I fee the clofeft and the eafieft - 
connexion in the world betweén them, fo as to 
wonder that I fhould not have been led imme- 
diately from the one tothe other. That this 
was not the cafe, I attribute to the force of 
prejudice, which, unknown to’ ourfelves, 
biaffes not only our judgments, properly fo cal- 
Jed, but even the perceptions of our fenfes : for 
we may take a maxim fo ftrongly for granted, 
that the plaineft evidence of fenfe will not in- 
tirely change, and often hardly modify our 
perfuafions ; and the more ingenious a man is, 
the more effectually he is entangled in his 
errors; his ingenuity only helping him to de- 
ceive himfelf, by evading the force of truth. 


There are, I believe, very few maxims in 
philofophy that have laid firmer hold upon 
the mind, than that air, meaning atmofpherical 
air (free from various foreign matters, which 
were always fuppofed to be diffolved, and in- 


termixed with it) is a /imple elementary fubftauce, 
indeftruc- 
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indeftructible, and. unalterable, at leaft as 
much fo as water is fuppofed to-be. In the 
courfe of my inquiries, I was, however, foon 
fatisfied. that atmofpherical air is. not an un-— 
alterable thing; for that the phlogifton with 
which it. becomes loaded from bodies burning 
in it, and als breathing it, and various 
other chemical proceffes, fo far alters and de- 
praves it, as to render it- altogether unfit for 
inflammation, refpiration, and other purpofes 
to which it is fubfervient ; and I had difco- 
vered_ that agitation in water, the procefs of 
vegetation, and probably other natural pro- 
cefles, by taking out the {uperfluous phlo- 
gifton, reftore it to its original purity. But I 
own I had no idea of the poffibility of going 
any farther 1n this way, and thereby procuring 
air purer than the beft common air. I might, 
indeed, have naturally imagined that fuch 
would be air that fhould contain lefs phlogifton 
than the air of the atmofphere ; but I had no 
idea that fuch a compofition was pofiible, 


It will be feen in my laft publication, that, 
from the experiments which I made on the 
marine acid air, I was led to conclude, that 
common air confifted of fome acid (and I na- 
turally inclined to the acid that I was then 
operating upon) and phlogifton; becaufe the 
union of this acid vapour and phlogifton made 

inflammable 
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inflammable air; and inflammable air, by agi- 
tation 1n water, ceafes to be inflammable, and 
becomes refpirable. And though I could never 
make it quite fo good as common air, I thought 
it very probable that vegetation, in more fa- 
vourable circumftances than any in which I 
could apply it, or fome other natural procefs, 
might render it more pure. 
. 

Upon this, which no perfon can fay was an. 
improbable fuppofition, was founded my cori- 
jecture, of volcanos having given birth to the 
atmofphere of this planet, fupplying it with a 
permanent air, firft inflammable, then de- 
prived of its inflammability by agitation’ in: 
water, and farther purified by vegetation. 


Several of the known phenometia of the ni- 
trous acid might have led me to think, that this ~ 
was more proper for the conftitution of thé 
atmofphere than the marine acid: but my ~ 
thoughts had got into a different train, and- 
nothing but.a feries of obfervations, which I 
fhall now diftinctly relate, compelled mie to 
adopt another hypothefis, and brought me, in 
away of which I had then no idea, to the’ 
folution ofthe great problem, which my réa: 
der will perceive I have had in view ever fince. 
my difcovery that the atmofpherical air ts 
alterable; and therefore that it is not an éle-- 

mentary 
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mentary fubftance, but a compofition viz. 
what this compofition is, or what is the thing 
that we breathe, and how is it to be made from 
its conftituent principles. 


At the time of my former publication, I 
was not poffefied of a burning lens of any confi- 
derable force ; and for want of one, I could 
not poflibly make many of the experiments 
that I had projected, and which, in theory, 
appeared very promifing. I had, indeed, a 
mirror of force fufficient for my purpofe. But 
the nature of this inftrument is fuch, that it 
cannot be applied, with effect, except upon 
fubftances that are capable of being fufpended, 
or refting on a very flender fupport. It can- 
not be directed at all upon any fubftance in 
the form of powder, nor hardly upon any thing 
that requires to be put into a veffel of quick- 
filver ; which appears to me to be the moft ac- 
curate method of extracting air from a great 
variety of fubftances, as was explained in the 
Introduction to this volume. But having after- 
wards procured a lens of twelve inches diame- 
ter, and twenty inches focal diftance, I pro- 
ceeded with great alacrity to examine, by the 
help of it, what. kind of air a great variety 
of fubftances, natural and faétitious,; would 
yield, putting them into the veffels repre- 
fented fig. a, which I filled with quick- 

D filver, 
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filver, and kept inverted in a bafon of the 
fame. Mr. Warltire, a good chymift, and 
lecturer in natural. philofophy, happening to 
be at that time in Calne, I explained my views 
to him, and was furnithed by him with many 
Gbieuces, which I could not otherwife have 
procured. 


With this apparatus, after a variety of 
other experiments, an account of which will 
be found in its proper place, on the 1{t of 
Auguft, 1774, I endeavoured to extract air 
from mercurius calcinatus per fe; and J prefently 
found that, by means of this lens, air was 
expelled from it very readily. Having got 
about three or four times as much as the “bulk 
of my materials, I admitted water to it, and 
found that it was not imbibed by it. But 
what furprized me more than I can well ex- 
prefs, was, that a candle burned in this air 
with a remarkably vigorous flame, very much 
‘like that enlarged flame with ates a candle 
burns in nitrous air, expofed to iron or liver 
of fulphur; but as I had got nothing like 
this remarkable appearance from any kind of 
air befides this particular modification of ni- 
trous air, and [ knew no nitrous acid was 
ufed in the preparation, of mercurius calci- 
natus, | was utterly at a lofs how to account 
for it. | 

sas In 
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In this cafe, alfo, though I did not give 
fufficient attention to the circumftance at that 
time, the flame of the candle, befides being 
larger, burned with more fplendor and heat 
than in that fpecies of nitrous air, and a piece 
of red-hot wood fparkled in it, exaétly like 
paper dipped in a folution of nitre, and it 
confumed very faft,; an experiment which I 
had never thought of trying with nitrous air. 


At the fame time that I made the above- 
mentioned experiment, I extracted a quantity 
of air, with the very fame property, from the 
common red precipitate, which being produced 
by a folution of mercury in fpirit of nitre, 
made me conclude that this peculiar property, 
being fimilar to that of the modification of 
nitrous air above mentioned, depended upon 
fomething being communicated to it by the ni- 
trous acid; and fince the mercurius calcinatus 
is produced by expofing mercury to a certain 
degree of heat, where common air has accefs 
to it, I likewife concluded that this fubftance 
had colleéted fornething of mitre, in that ‘ftate 
of heat, from the atmofphere. 


This, however, appearing to me much more 
extraordinary than it ought to have done, I en- 
tertained fome fufpicion that the mecurius cal- 


cinatus, on which I had made my experiments, 
D2 being 
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being bought at a common apothecary’s, might, 
in fact, be nothing more than red precipitate ; 
though, had I been any thing of a practical 
chymiit, I could not have entertained any fuch 
fufpicion. However, mentioning this fufpi- 
cion to Mr. Warltire, he furnifhed me with 
fome that he had kept for a fpecimen of the 
preparation, and which, he told me, he could 
warrant to be genuine. This being treated 
in the fame manner as the former, only by a 
longer continuance of heat, I extracted much 
more air from it than from the other. 


This experiment might have fatisfied any 
moderate fceptic: but, however, being at Paris 
in the October following, and knowing that 
there were feveral very eminent chymifts in 
that place, I did not omit the opportunity, by 
means of my friend Mr, Magellan, to get an» 
ounce of mercurius calcinatus prepared by 
Mr. Cadet, of the genuinenefs of which there 
could not poffibly be any fufpicion,; and at 
the fame time, I frequently mentioned my fur- 
_ prize at the kind of air which I had got from 
this preparation to Mr Lavoifier, Mr. le Roy, 
and feveral other philofophers, who honoured | 
me with their notice in that city; and who, I 
dare fay, cannot fail to recollect the circum- 
ftance. 


At 
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At the fame time, I had no fufpicion that 
the air which I had got from the mercurius 
calcinatus was even wholefome, fo far was I 
from knowing what it was that I had really 
found ; taking it for granted, that it was no- 
thing more than fuch kind of air as I had 
brought nitrous air to be by the procefles 
above mentioned ; and in this air I have ob- 
ferved that a candle would burn fometimes quite 
naturally, and fometimes with a beautiful en- 
larged flame, and i remain perfectly noxi- 
OUS, 


At the fame time that I had got the air 
above mentioned from mercurius calcinatus 
and the red precipitate, I had got the fame 
kind from red lead or minium. In.this procefs, 
that part of the minium on which the focus 
of the lens had fallen, turned yellow.. One 
third of the air, in this experiment, was rea- 
‘dily abforbed by water, but, in the remainder, 
a candle burned very ftrongly, and with a crack- 
ling noife, 


That fixed air is contained in red ee Thad 
obferved before; for I had expelled it by the 
heat of a candle, and had found it to be very 
pure. See Vol. I. p.192. I imagine it re- 
quires more heat than I then ufed to expel any 
gf the other kind of air. | 
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This experiment with red lead confirmed 
me more in my fufpicion, that the mercurins 
calcinatus mutt get the property of yielding 
this kind of air from the atmofphere, the pro- 
cefs by which that preparation, and this of red 
lead is made, being fimilar. As I never make 
the leaft fecret of any thing that I obferve, I 
mentioned: this experiment: alfo,. as well as 
thofe with the mercurius calcinatus, and the 
red precipitate, to all my philofophical ac- 
quaintance at Paris, and elfewhere;, having na 
idea, at that time, to what thefe remarkable 
facts would lead. 


Prefently after my return from abroad, I 
went to work upon the mercurius calcinatus, 
which I had procured from Mr. Cadet; and, 
with a very moderate degree of heat, I got 
from about one fourth of an ounce of it, an 
ounce-meafure of air, which I obferved to be 
not readily imbibed, either by the fubftance 
itfelf from which it had been expelled (for 
I fuffered them to continue a long time toge-. 
ther before I transferred the air to any other 
place) or by water, in which I fuffered this 
air to {tand a confiderable time before ‘I made 
any experiment upon it, 


In this air, as I had expected, a candle 
burned with a vivid flame; but what I ob- 
| ferved 
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férved new at this time, (Nov. 19,) and which 
furprized me no lefs than the fact I had difco- 
vered before, was, that, whereas a few mo- 
ments agitation in water will deprive the mo- 
_ ified nitrous air of its property of admitting 
a candle to burn in it; yet, after more than 
ten times as much agitation as would be fuffi- 
cient to produce this alteration in the nitrous. 
air, no fenfible change was produced in this. 
A candle ftill burned in it with a {trong flame ; 
and it did not, in the leait, diminifh common 
air, which I have obferved that nitrous air, 
in this ftate, in fome meafure,; does. . 


But I was-much more furprized, when, 
after two days, in which this air had conti- 
nued in contsét with watér (by which it was 
diminifhed about one twentieth of its bulk) I 
agitated it violently in water about five mi- 
nutes, and found that a candle ftill burned 
in it as well as in common air.. The fame de- 
gree of agitation would have made phlogitti- 
cated nitrous air fit for refpiration indeed, 
but it would certainly have extinguifhed a 
candle, | 


Thefe faéts fully convinced me, that there 
muft be a very material difference between 
the conftitution of the air from mercurius cal- 
cinatus, and that of phlogifticated nitrous air, 
| D 4 notwith- 
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notwithanding their refemblance in fome par- 
ticulars. But though I did not doubt that 
the air from mercurius calcinatus was fit 
for refpiration, after being agitated in water, 
as every kind of air without exception, on 
which I had tried the experiment, had been, 
J ftill did not fufpect that it was refpirable in 
the firft inftance ; fo far was I from having any 
- idea of this air bicinies what it really was, much 
fuperior, in this refpect, to the air of the at- 
mofphere. 


‘In this ignorance of the real nature of this 
kind of air, ] continued from thistime ib ovem- 
ber) to the ift of March following; having, 
in the mean time, been intent upon ss expe- 
riments on the vitriolic acid air above recited, 
and the various modifications of air produced 
by fpirit of nitre, an account of which will fol- 
low. But in the courfe of this month, I not 
only afcertained the nature of this kind of air, 
though very gradually, but was led by it to 
the complete difcovery of the conftitution of 
the air we breathe. 


Till this if of March, 1775, I had fo little 
fafpicion of the air from mercurius calcina- 
tus, &c. being wholefome, that I had not even 
thought of applying to it the teft of nitrous 
air; but thinking (as my reader muft ima- 

gine 
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gine I frequently muft have done) on the 
candle burning in it after long agitation 
in water, it occurred to me at laft to make 
the. experiment; and putting one meafure 
of nitrous air to two meafures of this air, 
I found, not only that it was diminifhed, but 
that it was diminifhed quite as much as com- 
mon air, and that the redrefs of the mixture 
was likewife equal to that of a fimilar mixture 
of nitrous and common air, 


After this I had no doubt but that the air 
from mercurius calcinatus was fit for refpira- 
tion, and that it had all the other properties of 
genuine common air. But I did not take 
notice of what I might have obferved, if I had 
not been fo fully poffefled by the notion of 
there being no air better than common air, 
that the rednefs was really deeper, and the di- 
minution fomething greater than common air 
would have admitted. 


Moreover, this advance in the way of truth, 
in reality, threw me back into error, making 
me give up the hypothefis I had firft formed, 
viz. that the mercurius calcinatus had extracted 
foirit of nitre from the air; for I now con- 
cluded, that all the conftituent parts of the air 
were equally, and in their proper proportion, 
imbibed in the preparation of this fubftance, 
a 3 and 
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and alfo in the procéfs of making sted lead, 
For at the fame time that I made the above- 
mentioned experiment on the air from mercu- 
rius calcinatus, I likewife obferved that the air 
which I had extracted from red lead, after the 
fixed air was wafhed out of it, was of the fame 
nature, being diminifhed by nitrous air like 
common air: but, at the fame time, I was 
puzzled to find that air from the red precipi- 
tate was diminifhed in the fame manner, 
though the procefs for making this fubftance 
is quite different from that of making the two 
others. But to this circumftance I happened 
not to give much attention, 
| 

I with my reader be not quite tired with the 
frequent repetition of the word furprize, and 
others of fimilar import; but I muft go on in 
that ftvle a little longer. For the next day I 
was more furprized than ever I had been be- 
fore, with finding that, after the above- 
mentioned mixture of nitrous air and the air 
from mercurius calcinatus, had ftood all night, 
(in which time the whole diminution muft 
have taken place; and, confequently, had it 
been common air, it muft have been made 
perfectly noxious, and intirely unfit for refpi- 
ration or inflammation) a candle burned in it, 
and even better than in common air. 


T cannot, 
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I cannot, at this diftance of time, recollect 
what it was that I had in view in making this 
experiment ; but I-know I had no expectation 
of the real iffue of it. Having acquired a 
confiderable degree of readinefs in. making ex- 
periments of this kind, a very flight and eva-_ 
nefcent motive would be fufficient to induce 
me to do it. If, however, I had not hap- 
pened, for fome other purpofe, to have had a 
lichted candle before me, I fhould probably 
never have made the trial; and the whole 
train of my future experiments relating to this 
kind of air might have been prevented. 


Still, however, having no conception of the 
real caufe of this phenomenon, I confidered 
it as fomething very extraordinary; but as. a 
property that was peculiar to air extracted 
from thefe fubftancees, and cdventitious; and 
I always fpoke of the air to my acquaintance 
as being. fubftantially the fame thing with 
common air. I particularly remember my tell- 
ing Dr. Price, that I was mytfelf perfectly fa- 
tisfied of its being common air, as it appeared 
to be fo by the teft of nitrous air; though, 
. for the fatisfaction of others, I wanted a moufe 
to make the proof quite complete, 


On the 8th of this month I procured a, 
moufe, and put it into a glafs veffel, contain- 
y. ing 
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ing two ounce-meafures of the air from mer- 
curius calcinatus. Had it been common air, a 
full-crown moufe, as this was, would have 
lived in it about a quarter of an hour. In 
this air, however, my moufe lived a full half 
hour; and though it was taken out feemingly 
dead, it appeared to have been only exceed- 
ly chilled; for, upon being held to the fire, 
it prefently revived, and appeared not to have 
received any harm from the experiment. 


By this I was confirmed in my conclufion, 
that the air extracted from mercurius calcina- 
tus, &c. was, at leafi, as good as common, 
air; but I did not certainly conclude that it 
was any Jetter; becaufe, though one moufe 
would live only a quarter of an hour in a given 
quantity of air, I knew it was not impoffible 
but that another moufe right have lived in it 
half an hour; fo little accuracy ts there in 
this method of afcertaining the goodnefs of 
air: and indeed I have never had recourfe to 
it for my own fatisfaction, fince the difcovery 
of that moft ready, accurate, and elegant teft - 
that nitrous air furnifhes. But in this cafe I 
had a view to publifhing the moft generally- . 
fatisfactory account of my experiments that 
the nature of the thing would admit of, 


T his 
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This experiment with the moufe, when I 
had reflected upon it fome time, gave me fo 
much fufpicion that the air into which I had 
put it was better than common air, that I was 
induced, the day after, to apply the teft of 
nitrous air to a {mall part of that very quan- 
tity of air which the moufe had breathed fo 
long; fo that, had it been common air, I was 
fatisfied it muft have been very nearly, if not 
altogether, as noxious as poffible, fo as not to 
be affected by nitrous air; when, to my fur- 
prize again, I found that though it had been 
breathed fo long, it was ftill better than com- 
mon air. For after mixing it with nitrous 
air, in the ufual proportion of two to one, it 
was diminifhed in the proportion of 42 to 3:; 
that is, the nitrous air had made it two ninths 
lefs than before, and this in a very fhort fpace 
of time; whereas I had never found that, in 
the longeft time, any common air was reduced 
more than one fifth of its bulk by any propor- 
tion of nitrous air, nor more than one fourth by 
any phlogiftic procefs whatever. Thinking of 
this extraordinary fact upon my pillow, the 
next morning I put another meafure of ni- 
trous air to. the fame mixture, and, to my 
utter aftonifhment, found that it was farther 
diminifhed to almoft one half of its original 
quantity. I then put a third meafure to it; 
but this did not diminifh it any farther: but, 

I however, 
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however, left it one meafure lefs than it was 
even after the moufe had been taken out of it. 

Being now fully fatisfied that this air, even 
after the moufe had breathed it half an hour, 
was much better than common air; and hav- 
ing a quantity of it {till left, fufficient for the 
experiment, viz. an ounce-meafure and a half, 
I put the moufe into it; when I obferved that 
it feemed to feel no fhock upon being put into 
it, evident figns of which would have been 
vifible, if the air had not been very whole- 
fome; but that it remained perfectly at its 
eafe another full half hour, when I took it out 
quite lively and vigorous. Meafuring the air 
the next day, I found it to be reduced from 
1+ to 2 of an ounce-meafure. And after this, 
if | remember well (for in my regifter of the 
day I only find it noted, that it was confider- 
ably diminifbed by nitrous air) it was nearly as 
good as common air. It was evident, indeed, 
from the moufe having been taken out quite 
vigorous, that the air could not have been 
rendered. very noxious. 


For my farther fatisfaétion I procured an-< 
other moufe, and putting it into lefs than two 
eunce-meafures of air extracted from mercu- 
rius calcinatus and air from red precipitate 
afin having found them to be of the fame 

quality, 


and Conftitution of the Atmofphere. 49 


quality, I had mixed together) it lived three 
quarters of an hour, But not having had 
the precaution to fet the veffel in a warm 
place, I fufpect that the moufe died. of cold. 
However, as it had lived three times as long 
as it could probably have lived in the fame 
quantity of common air, and I did not expect 
much accuracy from this kind of teft, I did 
not think it neceflary to make any more expe- 
riments with mice. 


Being now fully fatisfied of the fuperior 
goodnefs of this kind of air, I proceeded to 
meafure that degree of purity, with as much 
accuracy as I could, by the teft of nitrous 
air; and I began with putting one meafure of 
nitrous air to two meafures of this air, as if I 
had been examining common air; and now I 
obferved that the odin iedian: was evidently 
greater than common air would have fuffered 
by the fame treatment. A fecond meafure of 
nitrous air reduced it to two thirds of its ori- 
ginal quantity, and a third meafure to one 
half. Sufpecting that the diminution could 
not proceed much farther, I then added only 
half a meafure of nitrous air, by which it was 
diminifhed ftill more ,; but not much, and an- 
other half meafure made it more than half of 
its original quantity ; fo that, in this cafe, two 
meafures of this; air took more. than two. mea- 
| fures 
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fures of nitrous air, and yet remained lefs 
than half of what it was. Five meafures 
brought it pretty exactly to its original di- 
menfions. 


At the fame time, air from the red precipi- 
tate was diminifhed in the fame proportion as 
that from mercurius calcinatus, five meafures 
of nitrous air being received by two meafures 
of this without any increafe of dimenfions. 
Now as common air takes about one half of 
its bulk of nitrous air, before it begins to 
receive any addition to its dimenfions from 
more nitraus air, and this air took more than 
four half-meafures before it ceafed to be’ di- 
minifhed by more nitrous air, and even five 
half-meafures made no addition to its original 
dimenfions, I conclude that it was between four 
and five times as good as common air. It will 
be feen that I have fince procured air better 
than this, even between five and fix times as 
good as the beft common air that I have ever 
met with. . 


Being now fully fatisfied with refpec& to the 
nature of this new fpecies of air, viz. that, be- 
ing capable of taking more phlogifton from 
nitrous air, it therefore originally contains lefs 
of this principle; my next inquiry was, by 
what means it comes to be fo pure, or philo- 

fophically 
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fophically fpeaking, to be fo much depblo- 
gifticated,; an fince the red lead yields the 
fame kind of air with mercurius calcinatus, 
though mixed with common air, and.is a much 
cheaper material, I proceeded to examine all 
the preparations of lead; made by heat in the 
open air, to fee what kind of air they would 
yield, beginning with the grey calw, and end- 
ing with “tharge. 


The red lead which I ufed for this purpofe 
yielded a confiderable quantity of dephlogifti- 
cated air, and very little fixed air; but to 
what circumftance in the preparation of this 
lead, or in the keeping of it, this difference 
is owing, I cannot tell. I have frequently 
found a very remarkable difference between 
different {pecimens of red lead in this refpect, 
as well as in the purity of the air which they 
contain. ‘This difference, however, may arife 
in a great meafure, from the care that is taken 
to extract the fixed air from it. In this expe- 
riment two meafures of nitrous air being put 
to one meafure of this air, reduced it to one 
- third of what it was at firft, and nearly three 
times its bulk of nitrous air made very little 
addition to its original dimenfions, fo that 
this air was exceedingly pure, and better than 
any that I had procured before. 

F, The 
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The preparation called mafficot (which is 
faid to be a ftate between the grey calx and 
the red lead) alfo yielded a confiderable quan- 
tity of air, of which about one half was fixed 
air, and the remainder was fuch, that when 
an-equal quantity of nitrous air was put to 
it, it was fomething lefs than at firft; fo that ° 
this air was about twice as pure as common 
air. ve hla 


TY thought it: fomething remarkable, that 
in the preparations of lead by heat, thofe be- 
fore and after thefe two, viz. the sed lead and 
mafficot, yielded ‘only fixed air. I would alfo 
obferve, by the way, that a very fmall quan- 
tity of air was extracted from J/ead ore by the ~ 
burning lens. ‘The bulk of it was eafily ab- 
forbed by water. The remainder was not af- 
feéted by nitrous dir, and it extinguifhed a 
candle. | 


-I got a very little air by the fame procefs 
from the grey calx af lead, of precifely the fame | 
quality with the former. That part of it 
which was not affected by. nitrous. air extin- 
guifhed a candle, fo that both of them may 
be faid to have yielded fixed air, only with a 
larger portion than ufual, of that part of it 
which does not unite with water. 


| Litharge 
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“‘Litbarge (which is a ftate that fucceeds the 
red lead) yielded air pretty readily ; but this 
alfo was fixed air. That which was not ab- 
forbed by water, was not affected by nitrous 
air, 


Much more than J had any opportunity of 
doing remains to be done, in order to afcer- 
tain upon what circumftances, in thefe prepa- 
lations of lead, the quality of the air which they 
contain, depends. It can only be done by 
fome perfon who fhall carefully attend to the 
proceffes, fo as to fee himfelf in what manner 
they are made, and examine them in all their 
different ftates. I very much wifhed to have 
attempted fomething of this kind myfelf, but 
I found it impoffible in my fituation. How- 
ever, I got Dr. Higgins (who furnifhed me 
with feveral preparations that I could not 
eafily have procured elfewhere) to make me a 
quantity of red lead, that I might, at leaft, 
try it when fre/h made, and after keeping it 
fome time in different -circumftances; and 
though; by the help of this preparation, I did 
not do the thing that I expected, I did fome- 
thine elfe, much more confiderable. 


This frefh made red lead had a yellowtfh 
caft, and had in it’ feveral pieces intirely yel- 
low. I tried it immediately, in the fame man- 

x 2 ner 
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ner in which I had made the preceding expe- 
riments, viz. with the burning lens in quick- 
filver, and found that it yielded very little 
as aa with great difficulty; requiring the 
application of a very intenfe- heat. With an - 
equal quantity of nitrous air, a part of this 
air was reduced to one half of its original 
bulk, and 3 meafures faturated it. The air, 
harcore, was very pure, and the quantity 
that it yielded being very {mall, it proved to 
be in avery favourable ftate Sor a{certaining 
on what circumftances its acquiring this. air 
depended. 


My objeé&t now was to bring this frefh made 
red lead, which yielded very little air, to that 
{tase in which other red lead had yielded a.con- 
fiderable quantity ; ; and taking it, in a manner, 
for granted, in confequence of the reafoning in- 
timated above, that red lead muft imbibe 
from the atmofphere fome kind of acid, in 
erder to acquire that property, I took three 
feparate half-ounces of this frefh made red 
lead, and moiftened them till they made a 
kind of patte, with each of the three mineral 
acids, viz. the vitriolic, the marine, and the 
nitrous; and as I intended to make the expe- 
niments in a gun-barrel, left the iron fhould 
be too much affected by them, I dried all thefe 
mixtures, till they were perfectly hard; then 

x pulverizing 
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pulverizing them, I ‘put them feparately into 
my gui-barrel, filled up to the mouth with 
pounded flint, which I had found by trial to 
yield little, or no air when treated in this man- 
ner, Phadalfofound that no quantity of air, 
fufficient to make an experiment, could bepro- . 
cured from an equal quantity ofthis red lead 
by this procefs. 


Thofe portions of the red lead which had 
been mortened with the vitriolic and marine 
acids bécatfie white; but that which had been 
- moiftened with the nitrous acid, had acquired 
adeép brown colour. The mixtures with the 
nitrous and marine acids dried pretty readily, 
but that with the vitriolic acid was never 
perfectly dry ; ; but a great part of it remained 
in the form of a foftifh pafte. 


Neither the goa nor the marine acid 
mixtures gave the leaft air when treated in the 
tanner above mentioned; but the moiment 
that the compofition into which the nrtrous 
acid had entered becathe warm, air began to 
be produced; and I réceived the produce in 
quickfilver. About one ounce-meafure was 
quite tranfparent, but prefently after it be- 
tame exceedingly red; and being fatisfied that 
this rednefs was owing to the nitrous acid va-_ 
soba having diffolved the quickfilver, I took 

1. 3 no 
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no more than two ounce-meafures in this wa4y,. 
but received all the remainder, which was al- 
moft two pints, in water. Far the greateft 
part of this was fixed air, being readily ab- 
forbed by water, and extinguifhing a candle. 
There was, however, a confiderable refiduum, 
in which the flame of a candle burned with a 
crackling noife, from which I concluded that 
it was true dephlogitticated air. 


In this experiment I had. moiftened the red 
lead with fpirit of nitre feveral times, and had 
dried it again. When I repeated the experiment, 
I moiftened it only once with the fame acid, 
when I got from it not quite a pint of air; 
but it was almoft all of the dephlogifticated 
kind, about five times as pure as common air. 
N. B. All the acids made a violent effervef- 
cence with the red lead. 


Though there was a difference in the refult 
of thefe experiments, which I fhall confider 
hereafter, I was now convinced that it was the 
nitrous acid which the red lead had acquired 
from the air, and which had enabled it to yield 
the dephlogifticated air, agreeable to my ori- 
ginal conjecture. Finding ‘allo, as will be feen 
in the following fection, that the fame kind 
of air is produced by moiftening with. the fpi- 
rit of nitre any kind of earth that is free from 


ake 4. C7 phlogifton, 


~~ 
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phlogifton, and treating it as I had done the 
red lead in the laft-mentioned experiment, 
there remained no doubt in my mind, but, that 
atmofpherical air, or the thing that we breathe, 
confifts of the nitrous acid oe, earth, with fo 
much phlogifton as is neceffary to its elafticity ; 
and likewife fo much more as is required to 
bring it from its ftate of perfect purity to the 
mean condition in which we find it. 


For this purpofe I tried, with fuccefs, flowers 
of zinc, chalk, quick-lime, flacked-lime, tobacco- 
pipe clay, flint and Mufcovy talck, with other fimi- | 
lar fubftances, which will be found to com- 
prize all the kinds of earth that are effentially 
diftinét from each other, according to their 
chymical properties. A particular account of 
the proceffes with thefe fubftances, I referve 
for another fection; thinking it fufficient in 
‘this to give a hiftory of the difcovery, and a 
general account of the nature of this dephlo- 
eifticated air, with this general inference from 
the experiment, refpecting the conftitution of 
the atmofphere. 


I was the more confirmed in my idea of fpi- 
rit of nitre and earth conftituting refpirable 
air, by finding, that when any of thefe mat- 
ters, on which I had tried the experiment, had 
been treated in the manner above mentioned, 

“Eig , and 
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and they had thereby yielded all the air that 
could be extracted from them by this procefs ; 
yet when they had been moiftened with frefh 
fpirit of nitre, and were treated in the fame 
manner as before, they would yield as much 
dephlogiiticated air as at the firft. This may 
be repeated till all the earthy matter be ex- 
haufted. It will be fufficient to recite one or 
two facts of this kind from my regifter. 


April 18, I took the remains of the frefh 
made red lead, out of which.a great quantity 
of dephlogifticated air had been extracted, 
and. moiftening about three quarters of an 
ounce of it a fecond time with fpirit of nitre, 
T got from it about two pints of air, all of 
which was nearly fix times as pure as com- 
mon air. This air was generated. very. faft, 
and the glafs tube through which it was trani- 
mitted. was filled with red fumes; the nitrous 
acid, I fuppote, prevailing in the compofition 
of the air, but being abforbed by the water 
in which it was afterwards received. : 

In this, and many other proceffes, my. reader 
will find. a great variety in the purity of the 
air procured from the fame fubftances. But 
this will not be wondered at, if it be confidered 
that a {mall quantity of phlogiftic matter, ac- 
cidentally mixing with the ingredients for the 
compofition 
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“» compofiticn of this air, depraves it. It will 


alfo be unavoidably depraved, in fome mea-_ 
fure, if the experiment be made in a gun-barrel, 
which I commonly made ufe of, when, as was 
generally the cafe, it was fufficiently exact for 
my purpofe, on account of its being the eafieft, 
and in. many refpects, the moft commodious 
pracefs. 


The reafon of this is, that if the produce 
of air be not very rapid, there will be time. for 
the phlogifton to-be difengaged from the iron it-. 
felf, and to mix with the air. Accordingly I 
have feldom failed to find, that when I endea- 
voured to get all the air I poffibly could from 
any quantity of materials, and received the 
produce at different times (as for my fatis- 
faction, I generally did) the laft was inferior 
in purity to that which came firft. Not un- 
frequently it was phlogifticated, air; that is, 
air fo charged with phlogifton, as to be per- 
fectly noxious; and fometimes, as the reader 
will find in the next fection, it was even ni- 
trous air. 


On the fame account it frequently happened, 
that when I ufed a confiderable degree of heat, 
the red lead which I ufed in thefe experi- 
ments would: be changed into real lead, from 

| which 
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which it was often. very dificult to. get. the, we 


gun-barrel perfectly clear. 


- A good. deal will alfo depend upon the via 
eredients which have been ufed in the eun- 


Bata in preceding experiments : for it is not. 


eafy to get fuch an inftrument perfectly clean 
from all the matters that have been put into 
it: and though it may be prefumed, in gene~ 
ral, that every kind of air will be expelled 
from fuch ingredients by making the tube red- 
hot; yet matters containing much phlogifton, 
as charcoal, &c. will not part with it in con- 
fequence of the application of heat, unlefs 
there be at hand fome other fubftance with 
which it may combine. ‘Though, therefore, 
a gun-barrel, containing fuch {mall pieces of 
charcoal as cannot be eafily wiped out of it, 
be kept a long time in a red heat, and even 
with its mouth open; yet if it be of a confi- 
derable length, fome part of the charcoal may 
remain unconfumed, and the effect of it will 
be found in the fubfequent experiment. Of 


this -1 had the following ik pices 


proof. 


. Being defirous to fhew fome of my friends 
the actual production of dephlogifticated air, 
and having no other apparatus at.hand, I had 
recourfe to my gun-barrel ; but apprized them, 
- that having ufed it the aay before to get air 
~ from 


me, 
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from charcoal, with which it had been filled 
for that purpofe, though I had taken all the 
pains I could to get it all out, yet fo much 
would probably remain, that I could not de- 
pend on the air I fhould get from it being 
dephlogifticated; but that it would probably 
be of an inferior quality, and perhaps even 
nitrous air. Accordingly, having put into it 
a mixture of fpirit of nitre and red lead (be- 
ing part of a quantity which I had often ufed 
before for the fame purpofe) dried, and 
pounded, I put it into the fire, and recejved 
the air in water. 


The firft produce, which was about a pint, 
was fo far nitrous, that two meafures of com- 
mon air, and one of this, occupied the fpace 
of little more than two meafures; that is, it 
was almoft as ftrongly nitrous as that which 
is produced by the folution of metals in fpi- 
rit of nitre. The fecond pint was very little 
different from common air, and the laft pro- 
duce was better ftill, being more than twice 
as good as common air. If, therefore, any 
perfon fhall propofe to make dephlogifticated 
air, in large quantities, he fhould have an 
apparatus appropriated to that purpofe; and 
the greateft care fhould be taken to keep the 
inftruments as clear as poffible from all phlo- 
giftic matter, which is the very bane of pu- 
. : | rity 
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rity with refpect to air, they beéine exactly 
plus and minus tO each other. 


The hippeichalt maintained in this fection; 
viz. that atmofpherical air confifts of the niu 
trous acid and earth, fuits exceedingly well 
with the facts relating to the production of 
hitre, for it isnever-generated but in the open 
air, and by expofing to it fuch kinds of earth 
as are known to have an affinity with the ni- 
trous acid; fo that by their union commion 
nitre may be formed. | 


Hitherto it has been fuppofed by chymitts, 
that this nitrous acid, by which common nitre 
is formed, exifts in the atmofphere:as an extra- 
neous fubftamce, like water, and a variety of 
other fubftances, which float in it, in the form 
of effuvia; but fince there is.no place in which 
nitre may not be made, it may, I think, with 
more probability. be fuppofed, according to 
_ my hypothefis, that nitre is formed by a real 
decompofition of the air itfelf, the bafes that are 
prefented to it having, in fuch circumftances, 
a nearer affinity with the fpirit of nitre than 
thag kind of earth with which.it is united in 
the atmofphere. 


‘My theory alfo fupplies aw. eafy folution of 
what. has always been a great difficulty with 


chymifts, with refpect to the detonation of 
mitre. 
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gitre. The queftion is, what becomes of the 
nitrous acid in this cafe? ‘The general, I be- 
lieve the univerfal, opinion now is, that it is 
deftroyed, that 1s, that the acid is properly des 
compofed, and refolved into its original ele- 
ments, which Stahl fuppofed to be earth and 
water. On the other hand, I fuppofe that, 
though the common properties of the acid, as 
combined with water, difappear, it is only in 
confequence of its combination with fome 
earthy or inflammable matter, with which it 
forms fome of the many fpecies of air, into the | 
compofition of which this wonderful acid en- 
ters. It may be common air, it may be de- 
phlogifticated air, or it may be nitrous air, or 
fome of the other kinds, of which an account 
will be given in a fubfequent fection. That it 
fhould really be the nitrous acid, though fo 
much difeuifed by its union with earthy, or 
other matters, will not appear extraordinary 
to any perfon who fhall confider how little the 
acid of vitriol is apparent in common ful- 


phur. 


With refpect to mercurius calcinatus, and 
ved lead, their red colour favours the fup- 
pofition of their having extracted fpirit of nitre 
from the air, 


“An Account of fome Proceffes for the 


| SEC TO. NIV, 
A more particular Account of fome Proceffes for 
the Produttion of Dephlogifticated Air. 


I cannot promife thofe of my readers, whofe 
object is nothing more than general information, 
much pleafure from the perufal of this fection, 
as it will confift, for the moft part, of a dry 
detail of proceffes, for procuring dephlogitti- 
cated air; but as they all appeared neceffary, 
in my inveftigation of the fubject, I doubt not 
but an attention to them will be of ufe to fuch 
as are difpofed to purfue the inquiry themfelves. 
I might have contented myfelf with giving a 
general idea of the refult of fuch experiments ; 
but that would have been to mix my own opi- 
nions with faés, in fach a manner that the reader 
would not have been able to feparate them. At 
prefent, if I fhould be miftaken in any of my 
opinions, the reader, having before him all the 
faéts on which thofe opinions were grounded, 
will be able to rectify the miftake, “and pre- 
vent the error from fpreading. 


Having feen fufficient reafon to conclude ° 
that refpirable air confifts of nitrous acid and 
earth, my object, in all this courfe of experi- 

ments, 
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ments, was fimply to find what.kind of earth 
was moft proper for this purpofe, or which had 
the moft aptnefs to form this peculiar union 
with the nitrous acid. Upon the whole, 1 
think it will appear that the metallic earths, if 
they be free from -phlogifton, are the moft 
proper, and next to them the calcareous earths , 
but that a very great difference in the produc: 
tion of this kind of air depends upon a variety 
of circumftances in which the experiments are 
made, ) 

I have obferved that red lead, without any 
addition, yields dephlogifticated air by heat, 
To give fome idea of the differences in the re- 
fults, from what is, to appearance, the fame 
preparation, and of the confequence of adding 
fpirit of nitre to the réd lead, I mutt inform 
my reader, that having weighed two _half- 
ounces of red lead, taken from the fame par- 
cel, I put one of them, without any addition, 
into the gun-barrel, and with a very brifk fire 
(which is generally a confiderable advantage for 
the production of air) I got no more than 
three ounce-meafures, and it was very little 
better than common air. 


The fecond half-ounce: I ‘moiftened with a 
very diluted fpirit of nitre,; and when it was 
dried and pounded, I put it into the fame gun- 
3 ; barrel ; 
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barrel; and, in the fame circumftances with 
the former, I got from * about three pints of 
air, the firft part of which was fo far dephlo- 
eifticated, that two meafures of it, and five 
of nitrous air, occupied the fpace of two mea- 
fures only; of the fecond quantity, two mea- 
fures were not increafed by the addition of 
feven meafures of nitrous air. ‘This was the 
pureft air that I had then feen. The laft pro- 
duce was almoft all pure fixed air, being not 
at all affected by nitrous air. extinguifhing a. 
candle, and precipitating lime in lime-water. 

It was, indeed, a little of a nitrous nature ; 
for it dimibinyed common air ina {mall degtee, 

an effeét which I attribute to the phlogifton 

coming from the iron. 


A remarkable difference in the quantity of 
the produce of this kind of air, as I hinted 
juft now (and as I have obferved in a former 
publication, in the produce of inflammable air) 
depends upon the fuddennefs with which the 
fame degree of heat is applied. The follow- 
ing muft be reckoned a remarkable fact of this 
kind, and it was made with as much care as 
I could poffibly apply. From an ounce of 
red lead, by a fudden and brifk heat, I got 
above two quarts of air, a great part of which 
was fixed air, and the reft was about twice as 
good as common air; and immediately after, 

putting 
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ptitting the very fame quantity of the fame par- 
cel of red lead into the fame gun-barrel, by 
heat very flowly applied, but urged vehemently 
at laft, I got no more than two ounce-meafures 
of air, a great part of which was fixed air, and 
the reft not fo good as common air. 


I had been told that red lead acquired addi- 
tional weight by being often wafhed in water. 
In order to try whether this was the faét, and 
alfo whether the red lead acquired its property 
of yielding dephlogifticated air by this means, 
I wafhed a quantity of that parcel which I had 
got frefh-made, four times in diftilled water, 
evaporating it to drynefs eacn time; but no 
more air came from it than when it had not been 
wetted, neither was it at all increafed in weight 


by this means. 


I have obferved that, in general, thofe fub- 
{tances which, without containing phlogifton, 
yield fixed air with heat, or by the addition of 
an acid, when mixed with {fpirit of nitre, and 
treated as above, yield more or lefs of dephlo- 
gifticated air; but generally with a confider- - 
able mixture of fixed air, though I profefs not 
to know upon what circumftance it is that the 
proportion of thefe two kinds of air, produced 
from thefe fubftances, depends, 

i mae "With 
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With a very fmall degree of heat, white lead, 
without any addition, yields a very great quan- 
tity of pure fixed air. Having moiftened 
about an ounce-meafure of it with fpirit of 
nitre, and having put it into a glafs-veffel, with 
a ground-{topple and tube, I extracted from 
it, at five different times, five pints of/ air, each 
of which I examined feparately, as ufual, and 
the refults were as follows. 


Of the firft quantity, about 42 or 32 was 
abforbed by water, and the remainder neither 
affected common air, nor was affected by ni- 
trous air, fo that it was pure fixed air; and 
confidering the quantity that would be neceffa- 
rily abforbed by the water in which it was 
received, before I made any trial of the pro- 
perties of it, it may perhaps be deemed to 
have been as free from any foreign mixture as 
any that was ever procured. Of the fecond 
quantity, about twice as much was left un- 
abforbed by water, and the refiduum appeared 
to be dephlogifticated,; for it took about an 
equal meafure of nitrous air to» faturate it, 
and confequently it was nearly twice as good as 
common air. Of the third quantity, as little 
remained unabforbed by water as of the firft ; 
but the refiduum was as pure as that of the 
fecond quantity. Of the fourth quantity, one- 
fourth remained unabforbed by water, and it 

| took 
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teok 12 of nitrous air to faturate it, Of the 
fifth pint, one-half remained unabforbed, ‘and 
it took more than two equal meafures of ni- 
trous air to faturate it} fo that it was nearly 
four times:as pure as common air. Lajftly; a 
fingle ounce-meafure, that came very flowly 
after the five pints, was no part of it abforbed 
by water, and it took 1+ of nitrous air to fa- 
turate it, being about three times as pure as 
common air. 


From a quantity of /itharge, moiftened with 
fpirit of nitre, and dried, I got; in a gun- 
barrel, @ great quantity of air; bane half of 
which was fixed air, précipitating lime in lime- 
water, and the other half was ftrongly nitrous ; 
but with a burning lens, in quickfilver, I got 
a very pure dephlogifticated air from this mix- 
ture. 


To go through the different ftatés of lead: 
in this manner, I took half an ounce of /ead- 


_ ore, and having faturated it with fpirit of nitre, 


I dried it as before, put it into a gun-barrel, 
filled up to the mouth with pounded flint, and 
placed veffels filled with water to receive the 
air. Thé confequence was, that as foon as 
this mixture began to be warm, air was gene- 
rated very faft, infomuch that, being rather 
alarmed, I ftood on one fide; when prefently 

E 2 there 
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there was a violent and loud explofion, by 
which all the contents of the gun-barrel were 
driven out with great force, dafhing to pieces 
the veffels that were placed to receive the air, 
and difperfing the fragments all over the room ; 
fo that all the air which I had colleéted, and 
which was about a pint, was loft. The mix- 
ture, before it was put into the gun-barrel, was 
betwixt white and yellow, and had very much 
the fmell of brimftone; fo that it was in fatt 
a compofition fimilar to gun-powder. 


Being defirous to know what kind of air I 
had got by this proceis, I put the fame mate- 
rials into a glafs-phial, and putting it into a 
crucible with fand, difpofed the apparatus for 
receiving the air in fuch a manner, that the ex- 
plofion could not affect it. It did explode as 
before, but the.air was preferved, and appeared 
to be very ftrong nitrous air, almoft as much 
fo as that which is procured by the folution of 
metals, , 


From the grey calx of lead, treated in the 
fame manner, I got about a pint of air, half 
of which, being readily abforbed by water, I 
take for granted, was fixed air; but the re- 
mainder was ftrongly nitrous. Had I not 
wafhed it a good deal in water, it would pro- 

Li bably 
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bably have been as {trong as that which is pro- 
cured from metals. 


The pureft air that I ever procured was from 
flowers of zinc, moiftened, as in the other pro- 
ceffes, with fpirit of nitre, and put into a elafs- 
phial, with a ground-ftopple and tube. At 
firft I defpaired of getting any air at all 
from the procefs; but at length it came ina 
prodigious torrent, and was io cloudy, that 
the burfting of every bubble, after it had paf 
fed through the water, refembled the burifting 
of a bag of flour, The tube through which it 
was tranfmitted was exceedingly red, and in 
fome degree, the infide of the receiver too, as 
might be perceived amidft the thick cloud that 
filled it. This cloudinefs of the newly-gene- 
rated air, I have often perceived in the pro- 
cefs with red-lead, but never in fo great a.de- 
gree as in this cale, 


The quantity of air procured was nearly 
three pints, from about half an ounce-meafure 
of the flowers of zinc; and it was fo highly © 
dephlogifticated, that it took three times its 
bulk of nitrous air before its dimenfions were 
increafed, When it had got only twice its — 
bulk of nitrous air, it was. reduced to lefs than 
one-fifth of its original quantity. The laft 
produce came very flowly, and was not quite 
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fo pure. The flowers of zinc, which I ufed in 
this experiment, 1 had from Dr. Higgins. 
They formed a very hard and brittle fubftance, 
when mixed with fpirit of nitre, and dried. 
After the procefs it fwelled, and broke the 
phial into many pieces. 


Befides thefe, I tried no earth of any metal 
except the rujt of iron and white arfenic, both of 
which, when treated in the manner above men- 
tioned, and put into a gun- -barrel, yielded no- 
thing but fixed or nitrous air; fo that thefe calces 
undoubtedly contained rauch phlogifton, and 
the flowers of zinc, perhaps, none at all. 


From confiderably lefs than half an ounce 
of ruft of iron, moiftened with fpirit of nitre, 
and dried, I got about a quart of air, about 
one-third of which was fixed air, precipitating 
lime in lime-water, 8c. and the remainder was 
nitrous; fo that two meafures of common. air 


and one of this, occupied the fpace of lefs than 
two meafures. — 


The white arfenic I procured from Dr. 
Higgins, who affured me that it contained the 
leaft phlogifton poffible, I moiftened about 
an ounce-meafure of it with fpirit of nitre, 
and putting it into a phial with a ground. 
topple and tube, with no great degree of heat, 

I extracted 
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I extracted from it four ounce-meafures of air, 
and it was as ftrongly nitrous as any that I had 
ever procured from metals. I increafed the 
heat till the phial was melted, without getting 
any more air. ‘The tube was exceedingly red 
during the tranfmiffion of the air through it. 


Next to the metallic earths of lead and 
zinc, I found the calcareous earths the moft 
soa for the production of dephlogifticated 

; but I had no opportunity of trying any 
tee variety of them. The beit that I did 
try was chalk. Having faturated half an ounce 
of it with diluted {pirit of nitre, and dried it, 
I got from it, in a gun-barrel, more than a 
pint of air, which was highly dephlogifticated. 
{ began to receive this produce in quickfilver, 
the confequence of which was, that the nitrous 
acid, coming over in the form of vapour, dif- 
folved the quickfilver, and made nitrous air ; 
but a cruft being formed upon the furface of 
it, prevented the folution of more, and the air 
continued red a long time. | 


From another ounce-meafure of chalk, treat- 
ed in the fame manner, I got about a quart of 
air. What I took frft was confiderably ni- 
trous, two meafures of common air and one of 
this, occupying the fpace of 24 meafures. 
The fecond pint was dephlogifticated ; fo that 

x4 os two 
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two meafures of it, and five of nitrous air, 
occupied the fpace of two meafures. The 
laft was lefs dephlogifticated, being about one- 
half better than common air. At this time 
the air was generated with prodigious rapi- 
dity; the glafs-tube through which it was 
tranfmitted was exceedingly red; and when, 
in changing the veffels, fome of the vapour 
efcaped into the air, it had the reddeft appear- 


ance of any thing that I had ever feen of the 
kind. 


Having faturated half an ounce of exceed- 
ingly good quick-lime with diluted fpirit of 
nitre, dried it, and put it into a cun-barrel, 
I got from it about a pint and half of i: 
the firft part of which was fo far dephlogifti- 
cated, that it required an equal meafure of ni- 
trous air to faturate it. The fecond was no 
better than common air, and the third was equal 
to the firft. In this procefs the air was pro- 
duced very irregularly, fometimes coming in 
great quantities, and at other times the water 
would rufh back into the tube, 


I repeated the experiment on quick-lime, 
in a glafs-phial and tube, when the whole quan- 
tity was fo pure, that it required twice its bulk — 
of nitrous air to faturate it. The produce of 
air, in this experiment, was as irregular as in 

the 
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the preceding. I could have wifhed to have 
treated the ftone from which that lime was 
made in the fame manner, but I had no op- 
portunity. 3 


From lime fallen in air, mortened with fpi- 
rit of nitre, and treated as above, in a gun- 
barrel, I got near a pint of air, the greateft 
part of which came very rapidly, the fire being 
urged very much; and it was fo far dephlo- 
gifticated, that two meafures of it required five 
meafures of nitrous air to faturate it. The 
laft produce came very flowly, and it was {o 
far nitrous, that two meafures of common air, 
and one of it, occupied the fpace of lefs than 
two meafures , that is, it was very nearly per- 
fectly nitrous. 


I alfo moiftened with fpirit of nitre a quan- 
tity of lime that bad been plunged in water, in 
order to make lime-water, and got air from it 
in a gun-barrel, very irregularly, as before : 
one part of this air, which came almoft at once, 
was dephlogifticated, fo that two meafures of 
this, and five of nitrous air occupied the {pace 
of 24 meafures. 


From two ounce-meafures of pounded marble, 
treated as above, in a gun-barrel, I got about 
three quarts of air; but a very great propor- 

tion 
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tion of it was fixed air, efpecially the laft pro- 
_ duce, which indeed was very little elfe,; but 
towards the beginning of the procefs, see re- 
fiduum was a little better than common air. 


Repeating this experiment on marble, in a 
elafs-phial’with a ground-ftopple and tube, I 
extracted from an ounce-meafure of it about 
two pints of air, the greateft part of which 
was fo highly dephlogitticated, that it took 
nearly three equal quantities of nitrous air to 
faturate it. Even the laft produce was hardly 
to be diftinguifhed from the firft. What re- 
mained in the phial after the experiment fwelled 
and broke it. 


From magnefia, both calcined and uncalcined, 
if got, in a gun: “barrel, a confiderable quantity 
of air. From the calcinéd magnefia i it was not © 
much better than common air; from the un-_ 
caleined-ie waamore thantwiee 23 good. But 
very probably this difference may not bé in- 
variable. 


I think it very probable that dephlogifti- 
cated air may be procured from any kind of 
earth with which the {pirit of nitre will unite ; 
efpecially if it will likewife admit of a com- 
bination with fixed air or alkaline air, fo that 

the fpirit of nitre muft expel the fixed air or. 
SS al 
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alkaline air, before it can incorporate with 


jt. Of fubftances of thefe kinds, befides thofe 


above mentioned, I tried /ait of tartar and 


qwood-afbes. 


From half an ounce of /alt of tartar, moiften- 
ed with {fmoking fpirit of nitre, and dried, I 
cot, ina gun-barrel, about half a pint of air, 


the greateft part of which was fixed air, with 


a refiduum fo far dephlogifticated, as to be 
about three times as good as common air. The 
produce of air, in this experiment, was not 
very rapid, and it continued a long time. 
More would have been colleéted; but that 
part of it efcaped at the luting. 


I moiftened about half an ounce-meafure 
of ajbes of wood, carefully burned, firft in an 
iron-ladle, and then ina crucible, with ftrong 
fmoking fpirit of nitre; and, ina gun-barrel, 
I got from it about three pints of air, part of 
which was fixed, precipitating lime’in lime- 
water, &c. and the reft was fo pure, that it 
abforbed nearly three times its bulk of nitrous 
air. ‘The laft produce was very flow, and only 
about twice as good as common air. 


From an ounce-meafure of afhes of pit-coal, 
burned with all poffible care, and treated in 
the fame manner as above, I got about three 

quarts 
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quarts of air, one-third of which was fixed 
air, precipitating lime in lime-water; but the 
refiduum was ftrongly nitrous, efpecially at the 
laft. Itisobfervable enough, from their dark 
colour (of which no burning, I believe, will 
diveft them) that, in gener: Ga “his of pit-coal 
contain much more phlogifton than afhes of 
wood. 


N. B, In this, and other. proceffes,. it eri 
be obferved, that fixed air was procured from 
fubftances, which can hardly be thought to 
have contained it before: which affords a pre- 
fumption, that that it 1s not an acid fui gene- 
vis, but a modification of the nitrous acid. 


Clay is a fubftance altogether different from 
calcareous earth, and is not fuppofed, I be. 
lieve, to contain any air at all. Of that {pe- 
cies of it, which is called sobacco-pipe-clay, and 
which, I believe, 1s the purelt of all, I got 
from Dr. Higgins, a quantity in powder; and 
moiftening it with fpirit of nitre, I obferved 
that no more heat or chermetbencs was pro- 
duced than the mixing of'it with water would 
have occafioned. 


Putting it, when dry, into a gun-barrel, | 
extracted ee it, by a ftrong heat; about twa 


ounce-meafures of alr, ‘aintah « being pretty rea- 
dily 
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dily abforbed by water, neither affecting com- 
mon air, nor being affected by nitrous air, and 
extinguifhing a candle, I concluded to be fixed 
air. Repeating the experiment, I got the fame 
produce, only obferving, that thé fixed air 
made lime-water turbid, the moft certain teft, 
I believe, of the prefence of fixed air; andthe 
laft produce was highly nitrous. Imagining 
that this produce might have come from the 
phlogifton of the iron, I refolved to repeat the 
experiment once more, with all poffible care, 
in a glafs-phial, with a ground+ftopple and, 
tube. 


I did fo, and took the produce at eight dif- 
ferent times. The firft and fecond quantities 
had a good deal of fixed air in them, the refi- 
duum of the firft was a little diminifhed by 
nitrous air, almoft as much as air in which 
a candle had burned out, which might be ow- 
ing, in part, to the common air contained in 
the phial. The refiduum of the fecond quan- 
tity, on the other hand, diminifhed common 
air a little; fo that two meafures of common 
air, and one of this, occupied the fpace of 
2+ meafures. Of the third quantity, two mea- 
fures required three meafures of nitrous air to 
faturate it; fo that it was pretty highly de- 
phlogifticated. Of the fourth, two meafures, 

| and 
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and three of nitrous air, occupied the fpace of 
1% meafures. The fifth was of the fame qua- 
lity with the third. The fixth required twice 
its quantity of nitrous air to faturate it. The 
feventh was not quite fo pure as the fixth; and 
the. eighth neither affected common air, nor 
was affected by nitrous air, being what I term 
phlogifticated air. As fome part of this produce 
was nitrous air, it is evident that the phlo- 
gifton neceflary to conftitute it muft have been 
in the clay, and not in the veffel containing 
it, which was of glafs. 


Having by me a quantity of Stourbridge clay, 

I had the curiofity to repeat the experiments 
with this {pecies, to fee whether there would be 
_any material difference in the refult. Ufing 
the cun-barrel, I received the air in , four 

portions. The firft was fixed air, making 
lime-water turbid, and being more ithiaai half- 

abforbed by, water; the fecond was about as 

good as common air, and the fourth was con- 

fiderably nitrous. 


To avoid the effect of the gun-barrel, I then 
put the clay into a phial, with a glafs-ftopple 
and tube, and putting it into a fand-heat, I re- 
ceived the air, for the fake of greater exact- 
nefs, in ten different portions, about one-half 
of an ounce-meafure each. The firft produce 

was 
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was half-abforbed by water, with a refiduum fo 
far nitrous, that two meafures of common air 
and one of this, occupied the fpace of 2 + mea- 
fures.. The fecond and third portions were 
almoft wholly fixed air, precipitating lime in 
lime-water, and not at all affecting common 
air, or being affected by nitrous air. Of 
the fourth I have no. account. The fifth 
was {fo far dephlogifticated, that two meafures 
of it, and three of nitrous air,.occupied the 
{pace of 24 meafures. The fixth and feventh 
produce were, as nearly as poffible, common air. 
The ninth was fo far nitrous, that two mea- 
fures of common air, and one of this, occu- 
pied the fpace of 2 4 meafures; and the tenth 
diminifhed common air ftill lefs. 


It is evident, from the courfe of this pro- 
cefs, that phlogifton muft have been contained 
in the clay, and have been difengaged at diffe- 
rent times, according as the heat affected dif- 
ferent parts of the mixture. Had the whole of 
this produce been taken together, it would 
have been about the ftandard of common air 
mixed with fixed air; which fhews the impor- 
tance of taking the produce in different veffels, 
and examining them feparately, a practice 
which the reader will find I have often had re- 
courfe to with great advantage, 


A S 


80 = An Account of fome Proceffes for the 


As a greatdegree of heat cannot be applied 
to any thing contained in a glafs-veffel, with- 
without melting: it, and I was willing to know 
what would be the ‘effeét of more heat of this 
very clay when the above mentioned experi- 
ment was over, I took it out of the phial, and 
put it into a2 gun-barrel; when I got a confi- 
derable quantity of atigiom a it. Part of it was 
fixed air, precipitating lime in lime-water, 
and the remainder was like the refiduum of 
fixed air, or phlogifticated common air, ex- 
tinguifhing a candle, and being neither affected 
by nitrous air, nor affecting common air. f 
did the fame thing with the zobacco-pipe-clay, 
which remained after the experiment above 
recited, and had nearly the fame refult. The 
firft produce was of the fame degree of purity 
with common air, and the next was a little af- 
fected by nitrous air. 


From a quantity | of gypfum, which I pro- 
cured in the form of powder, I got a quantity 
of fixed air in a gun-barrel; and from the 
fame, moiftened with fpirit of nitre, and treated 
in the fame manner, I got a little fixed air, 
with a great proportion of nitrous air, almoft 
as ftrongas any. But fufpecting that this gyp- 
fum was not pure, I got of Dr. Higgins a piece 
of that kind of which the fineft planter 1s made, 
apd from this, mixed with {pirit of nitre, I got 

a confiderable 
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a confiderable quantity of air, part of which 
was fixed air, and the remainder neither affect- 
ed common air, nor was affected by nitrous air, 
and extinguifhed a candle. At laft the air was 
nitrous, as I fufpect, from the gun-barrel. 

Being rather furprized that this kind of 
earth, which had the appearance of being very 
free from phlogifton, fhould yield air of no 
better quality than this, I repeated the expe- 
riment, by taking the produce of air at feve- 
ral times, as in former experiments, moiftening 
the earth with a ftronger fpirit of nitre than 
before; and inftead of a gun-barrel, made 
ufe of a phial with a ground-flopple and tube. 
The quantity of air produced in this manner, 
was about two ounce-meafures, from an ounce: 
. meafure of the plaifter, and I received the air 
in four different parts. . 


The firft was a little diminifhed by nitrous 
air, being, I fuppofe, in a great meafure, com- 
mon air not quite expelled from the phial; and 
the fecond was ftrong nitrous air, perhaps from 
fome phlogiftic matter accidentally mixed with 
the ingredients. I am the more induced to 
think fo, becaufe the third and fourth produce 
was fo highly dephlogifticated, that one mea- 
fure of each took five meafures of nitrous air 

| G to 
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to faturate it; fo that they were each four times 
as good as common air. 


After the preceding experiments, there re- 
mained only the cryffalline and talcky earths, 
that are eflentially different from each other ; 
and each of thefe alfo yielded dephlogilticated 
air, when they were treated in the fame man- 
ner with the earths above mentioned, but in 
avery {mall quantity. 


When I took common fints, as they are 
dug out of the ground, part white and part 
black, moiftening the powder of them with 
{pirit of nitre, as before, and ufing a gun- 
barrel, I got fixed air, with a great proportion 
of nitrous air; that which came over the farft 
being like the refiduum of fixed air, extinguith- 
ing acandie, but being not readily abforbed 
by water. 


After this I got fome flinis carefully calcined 
in clofe veffls, by Dr. Higgins, and having 
pounded a quantity of them, and moiftened 
the powder with fpirit of nitre, I put it into a 
glafs-phial with a ground {topple and tube, 
and applying, at firft, the flame of a candle 
only, the air I got was in a very {mall quan- 
tity; but it precipitated lime in lime-water, 
and diminifhed common air a little. 


2. I then 
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I then put the fame apparatus into a fand- 
heat, when I got, im all, as much air as twice 
the bulk of the materials. Part of it preci« 
pitated lime in lime-water, but the reft of the 
produce was confiderably better than common 
air; and the laft was fo good, that it took two 
meafures of nitrous air to faturate it. 


Left this air might come from fome extra- 
neous matter, mixed with the powder of flint, 
IT put fome frefh {pirit of nitre upon the fame 
materials, without taking them out of the 
phial, after I had found that they would yield 
no more air from the firft procefs, and I re- 
placed the phial in the fame fand-heat. The 
air firft produced in this fecond procefs was 
but little diminifhed by nitrous air, but the 
reft was almoft as pure as any that I had ever 
got before. The quantity of it, however, was 
not more than the bulk of the materials. 


N.B. When, in this experiment, the 
bubbles of air burft, after getting through the 
water, a whitifh cloud iffued from them, as 
in the rapid production of nitrous air, and as 
in the produce of dephlogifticated air from 
the flowers of zinc above mentioned, but ina 
much lefs degree. 


G2 I repeated 
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mcs | repeated the fame procefs not lefs than 
half a dozen times, putting freth {pirit of 
nitre upon the fame materials, without taking 
“them out of the phial, but the refult was al- 
~ways the fame; the firft produce of air being 
“always phlogifticated, then (after an interval in 
which nothing but the pure vapour of fpirit 
of nitre came over) the remainder being the 
dephlogifticated air above mentioned. 


To complete this courfe of experiments, I, 
in the laft place, put ftrong fpirit of nitre into 
a phial, filled with tranfparent Mau/fcovy talc, 
fuch as opticians make ufe of for confining mi- 
crofcopic objects. In this procefs every thing | 
went on in the very fame manner as with the 
calcined flint; the firft produce being phlo- 
cifticated air, or air of fuch quality as neither 
to affect common air, nor be affected by ni- 
trous air, then the pure vapour of the fpirit of 
nitre; and laftly, about an ounce-meafure of 
air, about five times as good as common air. 
The pieces of talc which had been contiguous 
to the fides of the phial appeared to be a little 
whitened after the experiment, but the reft 
looked as if they had never been ufed in that 
manner; being as tranfparent as before, and 
of as firm a texture, but feemingly more flex-_ 
ible; fo that thofe pieces, when handled all to- 

eether, felt like foft feathers. 
4 It 
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It is ene hands from these experl- 
ments, that dephlogifticated air is produced 
from all kinds of earth mixed with {pirit of 
nitre, only that a greater quantity of air is pro- 
Buced from fome than from others ; the advan- 
tage in this refpect being on the fide of the 
metallic and calcareous earths. 


I would obferve, that this procefs feems to 
_ furnifh a pretty accurate teft, perhaps the moft 
accurate hitherto known, of the prefence of 
phlogifton in bodies. Perhaps no fpecies of 
air can be produced without a certain portion 
of phlogifton; but probably the nitrous acid . 
itfelf always contains fufficient for the purpofe 
of dephlogifticated air. But nitrous air con- 
tains fo much phlogifton, that I think it can- 
not be produced unlefs the materials themfelves 
contain it in a very confiderable degree. Thus 
I have no doubt but that white arfenic, though 
it may be thought to contain no phlogifton, 
really does contain aconfiderable quantity of 
it; whereas, if the air be highly dephlogifti- 
cated, I thmk it may be confidered as the moft 
fatisfactory proof we are yet acquainted with, 
that the fubftance contains no memes at 
all. 


I fhall clofe this fection with an account of 
the extraction of pure air from other fubftanees 
G $ § befides 
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befides mercurius calcinatus, and red lead, with- 
out the addition of fpirit of nitre. Of this 
kind I have only found two fubftances, viz. /e- 
dative {alt, and Roman vitriol flightly calcined, 
which had from Dr. Higgins; befides com- 
mon falt-petre, which is known to contain the 
acid of nitre in itfelf. From the two former I 
extracted air by means of a burning lens in 
quickfilver. | 


The fedative falt is not very manageable in 
this procefs; but, with fome difficulty, I did 
extract from it a fmal]l quantity of air, in which 
a candle burned as in common air, and which 
was diminifhed as much as common air by ni- 
trous air. At another time, the air which I 
extracted from this fubftance was not dimini- 
’ fhed by nitrous air quite fo much as common 
air Is. 


N.B. The quantity of air was always very 
fmall, not more than the bulk of the mate- 
rials, 


From the Roman vitriol I alfo got but a 
{mall quantity of air. The firft that I got was 
diminifhed by nitrous air, exactly as much as 
common air, [repeated the experiment, and 
the air which I then got was diminifhed by ni- 


trous air confiderably more than common air, 
The 
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The refult of thefe experiments rather furprizes 
me, as, after many trials made with a view to 
it, I could get no fuch air from any fpecies of 
faéitious vitriol, calcined or uncalcined, 
There muft certainly have been fome nitrous 
acid in that Roman vitriol, 


The readers of my former publications on 
this fubjeé& will remember, that I was exceed- 
inely puzzled with the experiments which I 
made to extract air from /alt-petre in a gun-— 
barrel, the refults appearing to me very extra- 
ordinary, and well worth attending to, as they 
might lead to confiderable difcoveries. See 
Vol. I. p. 155. In faét, there was fufficient 
reafon for the conjecture; but the method 
' which I then took to extract air from this fub- 
ftance was ill adapted to make it yield its ge- 
nuine produce. I had not, however, at that. 
time, thought of any other: | 


The air I firft got admitted a candle to burn 
in it with avery ftrong flame, and with a crack- 
ling noife. Alfo, though, after having ftood 
a whole year in water, it became quite noxious, 
yet by agitation in frefh water, it was perfect- 
ly reftored;, fo that a candle would burn in 
itagain. At the time of my laft publication, 
J conjectured that this air was phlogifticated ni- 
treus air; but now I think it muft have been 

G 4 | dephlo- 
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deplogifticated air, though produced in a gun- 


barrel, in which the {pirit of nitre, by diffolv- 
ing the iron, would be very apt to deprave the 


air; and accordingly, in repeating this expe-— 


riment fome time afterwards, I got air that 
extinguifhed a candle. 


I was much puzzled, at that time, to account 
for the very different refults of what was, to 
appearance, the fame experiment; but I do 
not wonder at it now. I imagine that, in the 
former cafe, the air was produced very ra- 
pidly, and therefore that there was not time 
for the fpirit of nitre to act upon the iron, 
and confequently the falt-petre gave its natural 
produce: whereas, in the latter cafe, a mixture 


of nitrous air (produced by the folution of © 


iron in the nitrous acid, difengaged from the 
falt-petre) had thoroughly depraved the air. I 
advance this with the more certainty, as I have 
found that falt-petre, heated in a glafs-veffel, 
yields very pure dephlogifticated air, its own 
earth, and the fpirit of nitre which it contains, 
being capable, by heat, of forming that kind 
_of union of thofe two principles which the con- 
ftitution of that air requires ; and this, I think, 
is a pretty remarkable circumftance, 


It may be worth while to obferve, that I 
began my experiments upon nitre in quick- 
filver ; 


“@ 
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filver ; but that the air produced in this manner 
was nitrous, occafioned by the folution of the 
quickfilver, as in the former cafe, by the folu- 
tion of the iron in the fpirit of nitre difengaged 
in the operation. A copious white fume iffued 
from the nitre in the courfe of this experiment, 
like that which attends the rapid production 
of nitrous air from metals. 


When I had recourfe to my tall glafs-veffels 
(fig. d.) I ufedan ounce of falt-petre pounded ; 
and filling the veffel up to the mouth with 
pounded flint, I took the produce of air at 
nine times, each about three quarters of an 
ounce-meafure. The firft produce was not 
quite fo good as common air, the fecond was 
of the fame degree of purity with common air, 
the third rather worfe ; but the fourth was fo 
far dephlogifticated, that one meafure of it, — 
and two of nitrous air, occupied the fpace of 
one-fifth lefs than one meafure. The fifth pro- 
duce was ftill better; for one meafure of it, 
and two of nitrous air, occupied the {pace of 
half a meafure. The ninth was about the 
fame degree of purity; ‘and the reft, I pre- 
fume, were not much different. 


Being defirous of knowing what kind of air 
was produced by the explofion of gun-powder, 
I, for that purpofe, mixed equal quantities of 

brim{tone, 
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brimftone and falt-petre,-both finely pounded, 
and put them into a tall glafs-veffel. The 
production of air was very rapid and copious, 
and fo highly nitrous, that ‘two meafures: of 
common air, and one of. this, occupied the 
fpace of 2+ meafures. Since the produce’ of 
air from fpirit of nitre and charcoal is the very 
fame with this, viz.. nitrous ‘air, it cannot be 
doubted but that nitrous air 1s alfo produced 
in the explofion of gun-powder, which is com- 
pofed of thofe ingredients ;. the {pirit of nitre — 
not being deftroyed, or fo far decompofed as 
that its acid nature is loft, but only entering 
into the compofition of this {pecies of air. - 
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Mifcellaneous Obfervations on the Properties of 
DEPHLOGISTICATED AIR. 


I endeavoured, in a variety of. ways, to 
find the fpecific il of dephlogifticated air, 
by carefully weighing the materials before and 
after the prodyGion ; and though this is by 
no means an exact method of afcertaining this 
circumftance, and I had recourfe to better me- 
thods afterwards, the experiments may be worth 
reciting, 


Haying put into a gun-barrel two ounces 
four penny weights of red lead, I extracted 
from it twenty ounce-meafures of dephlogifti- 
cated air, receiving it in water; and the refi- 
duum, colleéted with all the care that I could 
apply, weighed 1 oz. 16 dwt. 18 gr.; fo that 
twenty ounces of air ought to have weighed 
7 dwt. 6 gr. which is beyond all proportion , 
Jo that this method muft be very uncertain : 
befides, no allowance was made, nor could 
well be made, for the fixed air which the red 
lead yielded, and which is the heavieft {pecies 
of air that we are yet i at with. At 

other 


92 Mifcellaneous Obfervations on the 


other times I have found that red-lead was 
changed into a real lead, when I was attempt- 
ing the fame thing 1 in this way. 


_ A fecond attempt came a little nearer the 
truth. I weighed an ounce of red lead, moif- 
tened it with {moking {pirit of nitre, and dried 
it, when it weighed 10z. 6dwt. 12 er. I 
then divided the whole quantity into two equal 
parts, and put one of them into a gun-barrel, 
in order to collect the air, and the other I put 
into a crucible, to be expofed to the fame degree 
of heat. The former yielded twenty-two ounce- 
meafures of air, after the fixed air was pretty 
well wafhed out of it, It was about five times 
as good as common air. The latter had loft 
nineteen grains in weight, being juft fo much 
lefs than half an ounce; fo that the twenty- 
two ounce-meafures of air fhould have weighed 
‘nineteen grains, which. is certainly a great deal 
too much: befides, in this experiment, as in— 
the former, no account could be taken of the 


fixed air, 


Finding thefe methods to fail, I had recourfe 
to that which was ufed by Mr. Cavendifh in 
weighing fixed and inflammable air, and which 
is more accurate than the method which I had 
ufed before (viz. filling a Florence-flafk with 


the diferent kinds of air, and weighing them 
) in 
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in it) becaufe, as the flak muft be firft filled 


- with water, one cannot be fure, though every 
poffible precaution be taken, that the water 
has been equally drained from it after each ex- 
periment: otherwife there would be a confi- 
_ derable advantage in this method ; becaufe the 
quantity of air may be accurately kfioWn, But 
though this cannot be done with precifion in a 
bladder, as ufed by Mr. Cavendifh, becaufe the 
degree of diftenfion cannot be meafured with 

much accuracy, yet this circumftance is more 
ph is counterbalanced by being able to change 
the air with comprefiing the bladder, without 
wetting it, : 


I therefore took a glafs-tube about nine 
inches long, and faftening it to the neck of a 
bladder, which, with fuch a degree of diften-. 
fion as I could give it, in the manner in which 
the experiment was made, contained fifty-five | 
ounce-meafures, or one pennyweight nine grains 
of common air. The tube was fo faftened, that 
I could take it out at pleafure,; and having 
the bladder thus prepared, I carefully com- 
prefied it, then filling it in part with that kind 
of air which I was about to weigh, I com- 
prefled it again, and then-filled it intirely ; 
fo that I was pretty confident that the air 
within the bladder contained very little com- 
mon, or any other kind of air. In this man- 

ner 
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ner I proceeded to weigh dephlogifticated air, 
and at the fame time xitrous air, and air phlo- 
gifticated with iron filings and brimftone, which 
I take for granted is the farne thing with air 
phlogifticated by any other procefs. 


The following fhort table exhibits the refult 
of all thefe experiments at one view. 


The bladder, filled with dwts. er. 
penetra air, weighed s+ == 9°15 
—nitrousair - - - 7 16 

penne en te COMUNON Bis cS toy cee 


———— dephlogifticated air - 7 19 


This refult agrees fufficiently well with my 
former obfervations, though they were not made 
with fo much accuracy, viz. that both nitrous 
air, and air diminifhed by phlogiftic procefies, 
are rather lighter than common air; and it is 
confonant to this, that, in the prefent expe- 
riment, dephlogifticated air appears to be a 
little heavier than common air. 


Comparing thefe obfervations with that of 
the extreme lightnefs of inflammable air, afcer- 
tained by Mr. Cavendifh, it fhould feem that 
the lefs phlogifton any kind of air contains 
the heavier itis, and the more phiogifton it 

contains 
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contains the lighter it is; though this is by 
no means the cafe with folid fubftances, and 
indeed it is rather unfavourable to this hypo- 
thefis, that nitrous air fhould not be lighter 
than dephlogifticated. air; for it fhould feem, 
by its property.of phlogifticating common air, 
that it fhould itfelf contain a greater propor- 
tion of phlogifton. Alfo, in the above men- 
tioned procefies for making air, the more 
phlogifton there is in the fubftances moiftened 
with fpirit of nitre, the more certain it is that 
the produce will be nitrous air; as the lefs 
phlogifton they contain, the more certain it is 
that the produce will be pure air. But I fuf- 
pect, that there is. a farther difference in the 
mode in which phlogifton is. combined with 
fpirit of nitre, in the conftitution of nitrous 
air. 


In this experiment, the dephlogifticated air 
was {fo pure, that one mealure of it, and two 
of nitrous air, occupied the fpace of + of a 
meafure. Had the air been more pure, it 
would, no doubt, have been fpecifically hea- 
vier ftill. 


It fhould be obferved, that fufficient time 
ought to be allowed to get dephlogifticated air 
intirely free from fixed air before it is weighed; 

and 
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and as this requires time, and perhaps may 
never be done completely, it may be fufpected 
that the additional weight of this kind of ‘air 
is Owing toa mixture of fixed air. But com- 
mon air alfo contains a great proportion of 
fixed air, and the dephlogifticated air, on which 
I made this experiment, had. been produced, 
at leaft the far greateft part of it, and had 
been expofed to water, fome weeks. It is, 
however, fufficiently evident, that dephlogif- 
ticated air doth become better by ftanding in 
water; owing, probably, to its depofiting 
more fixed air in thofe circumftances. 


Having at one time made a large refervoir 
of dephlogifticated air, for the purpofe of 
experiments, I found that, in about ten days, 
from being 43, it had become 5 + better than 
common air. Standing in pure water muft be 
a furer method of getting the pureft dephlo- 
gifticated air, than agitation in water; for, 
though the latter method wiil enable the water 
to abforb the fixed air fafter, and therefore a 
little agitation at the firft will be very ufeful, 
in order to expedite the purification of it; 
yet, as I have found (vol. I. p. 158) that agi- 
tation in the pureft water will, in time, injure. 
common air; the fame operation may be fup» 
pofed to injure dephlogifticated air alfo; and 
indeed I have already obferved, that having 

agitated 
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agitated in water a quantity of dephlogifticated 
air, a candle burned in it only as in common 
air, and not with that vivid fame with which 
it burns in this air when it is purer. 


I have not made many experiments on the 
mixture of dephlogifticated air with the other 
kinds of air, becaufe the analogy which it 
bears to common air is fo great, that 1 think 
any perfon may know before-hand, what the re- 
fult of fuch experiments would be. It is pleaf- 
ing, however, to obferve how readily and per- 
feétly dephlogifticated air mixes with phlogif- 
ticated air, or air injured by refpiration, putre- 
faction, &c. each tempering the other; fo that 
the purity of the mixture may be accurately 
known from the quantity and quality of the two 
kinds of air before mixture. Thus, if one mea- 
fure of perfectly noxious air be put to one mea- 
fure of air that is exactly twice as good as com- 
mon air, the mixture will be precifely of the 
ftandard of common air. 


I obferved alfo, in making this experiment, 
that after mixing one meafure of each of thefe 
kinds of air, they made exactly two meafures ; 
fo that there was neither any increafe nor dimi- 
nution of quantity in confequence of the mix- 
ture, as is the effect of mixing nitrous air with 
either common or dephlogifticated air, 

: It 
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» It may hence be.inferred, that a quantity of 
very pure air would agrecably qualify the 
noxious air of a room in which much com- 
pany fhould be.confined, and which fhould be 
fo fituated, that it could not be conveniently 
ventilated ; fo that from being offenfive and 
unwholefome, it would almoft inftantly be- 
come fweet and wholefome. This air might 
be brought into the room in cafks; or a labo- 
ratory might be conftructed for generating the 
air, and throwing it into the room as faft as it 
fhould be produced. This pure air would be 
fufficiently cheap for the purpofe of many af- 
femblies, and a very little ingenuity would be 
fufficient to reduce the fcheme into practice. 


I eafily conjectured, that inflammable air 
would explode with more violence, and a 
louder report, by the help of dephlogifticated 
than of common air; but the effect far ex- 
ceeded my expectations, and it has never failed. 
to furprize every perfon before whom I have 
mace the experiment, 

Inflammable air requires about two-thirds of 
common air to make it explode to the greateft 
advantage, and if a phial, containing about 
an ounce-meafure and half, be ufed for the ex- 
periment, the explofion with common air will 
be fo fmall, as not to be heard farther than, 

perhaps, 
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perhaps, fifty or fixty yards; but with little 

more than one-third of highly dephlogifticated 
air, and the reft inflammable air, in the fame 
phial, the report will be almoft as loud as that 
of a fmall piftol,; being, to judge by the ear, 
not lefs than forty or fifty times as loud as with 
common air, 


The orifice of the phial in which this experi- 
ment is made, fhould not much exceed a quarter 
of an inch, and the phial fhould be a very {trong 
one; otherwife it will certainly burft with the 
explofion. The repercuffion is very confider- 
able; and the heat produced by the explofion 
very fenfible to the hand that holds it. I have 
fometimes amufed myfelf with carrying in my 
pocket, phials thus charged with a mixture of 
dephlogifticated and inflammable air, confined 
either with common corks or ground-ftopples, _ 
and I have perceived no difference in the ex- 
plofion, after keeping them along time, and 
Tee them to any diftance. 


The dipping of a lighted candle into a jar 
filled with dephlogifticated air is alone a very 
beautiful experiment. The ftreneth and viva- 
city of the flame is ftriking, and the heat pro- 
duced by the flame, in thefe circumftances is 
is alfo remarkably great. But this experiment 
is more pleafing, when the air is only little more 

Hi 2 than 
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than twice as good as common air; for when it’ 
is highly dephlogitticated, the candle burns with 
a crackling noife, as if it was full of r fome com- 
buttible matter. 


It may be inferred, from the very great ex-— 
plofions made in cooing cated air, that, 
were it poffible to fire gunpowder in it, lefs 
than a tenth part of the charge, in all dies, 
would fuffice; the force of an estplohon i in this’ 
kind ‘of air, ie exceeding what might have 
been expected from the purity of it, .as fhewn 
in other kinds of trial. But Ido not fee how 
it is poffible to make this application of it. 
I fhould not, however, think it dificult to con-' 
fine gunpowder in bladders, with the interftices 
of the grains filled with this, inftead. of com- 
mon air; and fuch pladdecs of gunpowder 
might, perhaps, be ufed in mines, or for blow- 
ing up rocks, in digging for metals, &c. 


Nothing, however, would be eafier than to 
augment the force of fire to a prodigious de- 
gree, by blowing it with dephlogifticated air 
inftead of common air, .This I have tried, 
in the prefence of my friend Mr. Magellan, 
by filling a bladder with it, and’ puffing it, 
through a fimall glafs-tube, upon a piece of 
lighted wood: but it would be very eafy to 
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fapply a pair of bellows with it from a large 
refervoir. 


Poffibly much greater things might be ,ef- 
fected by chymitts, in a variety of refpeéts, 
with the prodigious. heat which this air may be 
the means of affording them. I had no fooner 
mentioned the difcovery of this kind of air to 
my friend Mr. Michell, than this ufe of it oc- 
curred to him. He obferved that poffibly p/a- 
tina might be melted by means of it. 


From the greater ftreneth and vivacity of 
the flame of a candle, in this pure air, it may 
be conjectured, that it might be peculiarly fa- 
lutary to the lungs in certain morbid cafes, 
when the common air would not be fufficient 
to carry off the phlogiftic putrid effuvium faft 
enough. But, perhaps, we may alfo infer 
from thefe experiments, that though pure de- 
phlogifticated air might be very ufeful as a 
medicine, it might not be fo proper for us in 
the ufual healthy ftate of the body: for, asa 
candle burns out much fafter in dephlogifti- 
cated than in common air, fo we might, as. 
may be faid, ve out too fafl, and the animal 
powers be too foon exhaufted in this pure kind 
of ait. A moralift, at leaft, may fay, that 
the air which nature has provided ior us is as 
good as we deferve. 


egies: ot 
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My reader will not wonder, that, after hav- 
ing afcertained the fuperior goodnefs of de- 
phlogifticated air by mice living in it, and the 
other tefts above mentioned, I fhould have 
the curiofity to tafte it myfelf. I have gra- 
tified that curiofity, by breathing it, drawing 
it through a elafs-fyphon, and, by this means, 
I reduced a large jar full of it to the ftandard 
of common air. The feeling of it to my lungs 
was not fenfibly different foes that of cornmon 
alr ; but I fancied that my breaft felt peculi- 
arly light and eafy for fome time afterwards, 
Who can tell but that, in time, this pure air 
may become a fafhionable article in luxury, 
Hitherto only two mice and myfelf have had 
the privilege of breathing it. 


Whether the air of the atmofphere was, in 
remote times, or will be in future time, better 
or worfe than it 1s at prefent, 1s a curious f{pe- 
culation; but ] have-no theory to enable me to 
throw any light upon it. Philofophers, in fu- 
ture time, may eafily determine, by comparing 
their obfervations with mine, whether the air 
in general preferves the very fame degree of 
purity, or whether it becomes mote or lefs fit 
for refpiration in a courfe of time; and alfo, 
whether the changes to which it may be fubject 
are equable, or otherwife, and’by this means 
may acquire data, by which to judge both of 
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the paft and future ftate of the atmofphere. 
But no obfervations of this kind having been 
made, in former times, all that any perfon could 
now advance on this fubjeét would be little more 
than random conjecture. If we might be al- 
lowed to form any judgment from the length 
of human life in different ages, which feems 
to be the only datum that is left us for this pur- 
pofe, we-may conclude that, in general, the 
air of the atmofphere has, for many ages, pre- _ 
ferved the fame degree of purity. This datum, 
however, is by no means fufficient for an accu- 
rate folution of the problem. 
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SECTPON. V. 


Of Air procured from various Subftances by Means 
of Heat only. 


I have obferved already, that, in my former 
experiments, I had not the ufe of a burning lens 
of any confiderable force; and, for want of 
it, was obliged to leave many of the experi- 
ments extremely incomplete, ‘and many things 
not even attempted. But having, foon after 
my late publication, provided myfelf with a 
lens of fufficient force for the purpofe, the 
firft thing I did, when I began to refume my 
_ experiments, was to make ufe of it, in order 
to fatisfy myfelf what kind of air certain fub-. 
{tances would yield by means of heat only, ei- 
ther in vacuo, or when confined by quickfilver ; 
and it has been feen in the preceding feétions, 
that by purfuing this method, I was led to the 
difcovery of many new and curious facts, of 
fufficient importance to be confidered fepa- 
rately, and at large. 


In this fection, I propofe to comprize the 
reft of the obfervations that occurred to me in 
that 
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that courfe of experiments, intermixed with 
thofe which I made in expelling air from the 
fame fubftances, in a gun-barrel ; having fome- 
times made ufe of one of the methods, and 
fometimes of the other, according to different 
circumitances and views, 


Thefe experiments were begun in June, 
1774; and one of the firft obfervations that I 
made was, that inflammable air may be pro- 
cured from feveral metals by heat only, with-— 
out any acid, which was not my. opinion at 
the time of my former publications. I had 
rather thought that, becaufe, when the ma- 
rine acid air had decompofed fubftances con- 
taining phlogifton (as brimftone, charcoal, &c.) 
a quantity of inflammable air was produced, 
the acid air had contributed'to its formation, 
and had entered into its conftitution; andI 
had therefore inferred univerfally, that inflam- 
mable air confifts of acid air and phlogifton. 
And becaufe inflammable air may be deprived 
of its inflammability, and from being highly 
noxious, become refpirable by agitation in 
water, I had farther conjectured, that the air 
of the atmofphere might confift of the union of | 
acid air and phlogifton; and I do not fee how 
any perfon could have avoided forming fuch a 
conjecture from fuch premifes. 


Nor 
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Nor indeed am I now abfolutely certain, that 
the conclufion was wrong; for the chy nical 
principles are fo altered, by combination, that. 
many of them are known to exift where their 
prefence is leaft of all fufpected: unlefs, how- 
ever, there be an acid in metals, 1 do not aim 
how my former opinion can be m vaintained, 
confiftency with the facts that will appear in 
this fection, viz. that inflammable air may be 
procured from feveral metals confined by quick- 
filver, with heat from a burning lens, without 
any folution of the metal in an acid. 


It is evident, however, on the other hand, 
that inflammable air doth not confift of pure 
phlogifton ; becaufe, as I have fhewn, it may 
be intirely deprived of its inflammability ; ; and 
though it be afterwards diminifhed in bulk, 
yet a very great proportion of it remains; be- 
ing then in the fame {tate with the air in which 
a candle has burned out, but fufficiently pure 
for refpiration. The queftion is, what is the 
bafis of inflammable air, or what is the chymical 
principle to which the phlogifton is united in | 
its conftitution. In this cafe it fhould feem to 
be fome new mode of combination with the 
earth of the metal, ‘The facts, however, were 
as follows, Ny | 
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Having puta quantity of iron-filings, care- 
fully forted with a magnet, into one of the 
glafs-vefiels, fig. a, I filled the reft of the vel- 
fel with quickfilver; and placing it inverted 
in a bafon of quickfilver, I threw the focus of 
the lens upon the iron-filings, and prefently 
air was produced; which, being examined, 
appeared to be inflammable, though not very 
ftrongly fo. It refembled inflammable air that 
had been wafhed in water till its infammabi- 
lity was nearly gone. 1 alfo could not diftin- 
guifh the colour of the fame, when I made 
the explofion in the ufual manner, by the ap- 
proach of a candle. After the operation, the 
iron from which the air had been extracted, 
had an exceedingly ftrong {mell, exactly like 
that of very ftrong inflammable air procured 
from metals by acids. 


In the fame manner I got air from the fixngs 
of watch- -[prings, which are made of the beft 
fteel ; and it was not to be diftinguifhed from 
the inflammable air of the laft experiment. 
Thefe filings, as well as thofe of iron, J had | 
carefully forted with a magnet; fo that I be- 
lieve there was no foreign matter mixed with 
them. The greateft care, however, is requi- 
fite for this purpofe, fince, ‘the leaft bit of wood, 
er any vegetable or animal matter, hardly difca- 
| coverable by the eye, will yield more inflam~ 
. mable 
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mable air, than a confiderable quantity of iron- 
filings. 


N..B. The fpot on which the focus of the 
lens was thrown, was much blacker than any 
other part of the filings; and during the ap- 

plication of the heat, a quantity of the filings 
would fometimes be difperfed, as by an explo- 
fion below the furface of them; owing, I fup- 
pofe, to the fudden generation ¢. air from fome 
of the filings that lay under the reft, but where 
the heat could reach them. 


Having thus got air from iron, I proceeded 
to make fimilar experiments .on other metals. 
But as all the other metals have more or lefs 
affinity with quickfilver, I was obliged to have 
recourfe to a vacuum, but being pofleffed of 
Mr. Smeaton’s air-pump, I could “depend upon 
the vacuum being very exact ; fo that ver y little 
common air could be mixed with the air. pro-. 
duced. That the filings of the different me- 
tals might be perfectly unmixed, I procured 
new files, quite clean, and ufed one fide of | 
each for each. of the metals. 


With this apparatus, I threw the focus of 
my lens upon filings of gic, and prefently got 
from them air which was very {trongly inflam- 
mable. Zinc is faid to contain more plogifton 

than 
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than the other metals, and the difference be- 
tween the inflammable air from zinc, and that 
which I got from iron, was very ftriking. 


From brafs-duft | got inflammable air in con- 
fiderable plenty, and alfo from tin; but this 
laft was very lightly inflammable. I could 
not have perceived it to be fo at all but by dip- 
ping a lighted candle into a veffel full of it: 
whereas, in other cafes, I made the trials by 
prefenting the fame of a candle to the narrow 
mouth of a phial filled with the air. That 
brafs fhould yield inflammable air, I attribute 
to the zinc, by the addition oi. which, = 
is converted into brafs. 


Thus all the metals that yield: inflammable 
air, when diffolved in acids, give inflammable 
air alfo by heat only. With other metals 1 
had no fuccefs. | 


Regulus of Antimony, heated in vacuo, 
fmoked very much, and blackened all the in- 
fide of my receiver; but the air that I got 
from it was very little indeed, and extinguifhed - 
a candle. 


From %ifmutk, and nickel, 1 got hardly any 
air at all, but in thefe experiments the heat 
was not advantageoufly applied, and the bif- 

muth 
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muth foon melted into large lumps, on which 
my lens had no power. 


I got no air from /ead or copper. By throw- 
ing the focus of the lens upon the former, the 
receiver was filled with fumes; but the heat 
was by no means fufficient for the experiment 
with copper, 


In the account of my former experiments, 
¥ mentioned one that puzzled me and my 
friends exceedingly. It was that the air which 
} got from chalk, in a gun-barrel, was inflam= 
'mable, and burned with a blue flame. I then 
conjectured, that this property came from the 
iron; and the experiments that I made with 
the burning lens have confirmed that conjec- 
ture. But why this inflammable air fhould 
burn with a d/ue fame, 1 was long at a lofs to 
account for; fince inflammable air from iron 
only, does not burn in that manner. At length 
it occurred to me, to try what would be the 
effect of burning inflammable air mixed with 
fixed air, procured from calcareous fubftances 
_ by acids; when I found it always burned with 
a blue flame. This fact I muft have feen, 
perhaps, a hundred times, in a long courfe of 
experiments, on the mixture of fixed and in- 
flammable air, made when I was very young in 
thefe inquiries, thinking that, together, they 

2 | might 
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inight be common air: but for want of at- 
tending to the colour of the flame, as not being 
the object I had then in view, I have been fo 
much puzzled fince. I am ftill at a lofs to 
explain the reafon of this effect of the mixture 
of thefe two kinds of air, 


Fixed air is readily difcharged from chalk 
by any acid; but it is a very {mall quantity 
only, that mere /eat will expel from it. How- 
ever, from iron-filings and chalk, which I 
mixed together, in order to refemble the cir- 
cumftances of the experiment with the chalk in 
the gun-barrel, I got air in great plenty ; and 
this wasexactly of the fame kind with that which 
I had got from chalk inthe gun-barrel. Very 
much of it was inflammable, and it burned 
with a blue fame. In a fecond experiment of 
this kind, I had the fame refult. 


No calx of any metal on whichI made the 
experiment yielded inflammable air, but all of 
them fixed air, and generally in great plenty. 
Ruft of iron gave a great deal of air, two-thirds 
of which was fixed air, and the reft was not 
affected by nitrous air, and extinguifhed a 
candle; fo that the whole produce feemed to 
be fixed air, only witha larger refiduum of that 
part which is not mifcible with water than 
ufual, At another time, however, I got from 

the 
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the ruft of iron fixed air that was very pure;_ 


there being little of it that was not mifcible 
with water. It is poffible, though I cannot 
pretend to recollect the circumftances of the 
experiment, that I might ufe lefs heat in the 
latter cafe than in the former. 


N. B. That part of the ruft on which the 
focus of the lens fell, turned very black. 


I obferved in a former fection, that both 


the grey calx of lead, and litbarge, yielded fixed 


air, and that a great quantity of fixed air is 
contained in red /ead, and in other preparations 
of that metal. 


I got a little air by means of the burning 
lens in quickfilver, from cinnabar prepared with 
antimony, but not enough to form a judgment 


ef the quality of it. From common vermil-_ 


lion X got more air, viz. about forty times its 
own bulk, and it was all fixed air, being rea- 
dily abforbed by water. This fubftance, like 
the ruft of iron, turned black in the focus of 
the lens. 


The metallic falits, if they gave any air at. 


all, gave fixed air, which I find to be contained 


in moft faline fubftances. I fhall recite a few 
| | experiments 
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experiments of this kind, without any parti- 
cular regard to the order of them. 


White lead yielded air in great plenty, by 
the heat of the burning lens, and it was all 
pure fixed ajr, 


I could get no air whatever from /ugar of 
lead, or from nitre of lead. The former melted 
into a liquid fubftance , the latter changed from 
white to a dull grey colour, and broke into 
powder, with a crackling noife. 


All the kinds of copperas gave fixed air. I 
firft tried common green copperas in quickfilver. — 
It diffolved into a great quantity of water, but 
the air produced from it was not ,*; of its bulk. 
Half of this air was readily abforbed by water, 
and the remainder was too {mall to be exa- 
mined. I repeated the experiment on calcined 
copperas, both in a gun-barrel, and likewife 
in a tall glafs-veffel filled with fand;, but the 
produce, in all the cafes, was fixed air. Half 
an ounce of calcined copperas yielded near a 


pint of air. 


When I had extracted air from the calx of 
green copperas in a glafs-veffel, I put the fame 


materials into a gun-barrel; but ftill-I extrac- 
i ted 
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ted nothing from them befides fixed air, mixed 
with acid air, as appeared by the extremely 
fmall bubbles to which the large ones were pre- 
fently reduced in paffing through water. | 


When I made the experiment on Jive vitriol, 
which confifts of oil of vitriol and copper, in 
quickfilver, the refult was the fame as with 
the green copperas, except that much lefs wa- 
ter was produced. 


White vitriol, which confifts of oil of vitriol 
and zinc, gave ten times,as much air as the other 
kinds. Half of it was abforbed by water, 
and.a candle burned in the remainder. When 
I extraéted air from calcined white copperas, 
in a glafs-veffel, befides Axed air, I got fome 
that diminifhed common air a little; but I 
conjecture that this nitrous property muft-have 
come.from fome other fubftance that was ac- 
cidentally mixed with the vitriol. : 


Mercurial nitre gave a great quantity of air 
in quickfilver, and this was pure nitrous air ; 
but poffibly the nitrous acid being let loofe 
from this fubftance, had produced the nitrous 
air by diffolving the quickfilver. 


From Roman vitriol revivified by flour, which 
Ahad of Dr. Higgins, I got air, half of which 
| was 
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was fixed, and the remainder was not dimini- 
fhed by nitrous air. 


All the air that I was ever able to get from 
faline fubftances was fixed air. I began with 
alum, and the firit experiment that I made 
upon this fubftance was with the fun-beams, in 
guickfilver; when I got from it a little air, 
which appeared to be fixed air, by extinguith- 
ing a candle, and by being readily abforbed 
by water. I repeated the experiment with the 
fame refult. The quantity of air extracted 
from a piece of alum, was about one-third of 
its bulk; but I imagined that a little, though 
not much, more might have been extracted, by 
a longer continuance of the operation. 


I obferved, upon this occafion, that I could 
calcine only a given quantity of alum in a 
given quantity of air; and that when this was 
faturated, I could only keep the alum in a 
fluid ftate by heat. But it was eafily calcined 
in vacuo; and as the receivers in which the 
calcination was made became very moift, it is 
pretty evident that this operation is performed 
by the mere at dacase of the water which en- 
ters into the compofition of this falt;. fo that 
when the furrounding air can take no more 
water, that calcination can proceed no farther. 
I alio obferved, upon this occafion, that when 

Ia | I had. 
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I had calcined a quantity of alum in a given 
quantity of common air, the air was not di- 
minifhed, or in.the fmalleft degree injured by 
the operation. 


After this, I endeavoured to get air from 
ealcined alum, with a burning lens; andI did 
get a little: but I made no other obfervation 
upon it, than that it was not diminifhed by 
nitrous air. But when I put a quantity of cal- 
cined alum into a eun-barrel, I got from it a 
confiderable quantity of air, part of which was 
fixed air, precipitating lime in lime-water, and 
the remainder did not differ from the refiduum 
of fixed air, extinguifhing a candle, and nei- 
ther affecting common air, nor being affected 
by nitrous alr. 


From half an ounce of vitriolated tartar, 
in a gun-barrel, I got about 1} ounce-meafure 
of air, which was chiefly fixed air. The laft 
produce diminifhed common air a little; but 
this I attribute to the gun-barrel, not having 
been perfectly cleaned from the materials ufed 
th a former experiment. 


Borax was only melted by the burning lens ; 
but calcined borax gave a little air, about its 
own bulk ; and this air extinguifhed a candle, 
and was not diminifhed by nitrous air; fo that 
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it feems to be the fame thing with the refi- 
duum of fixed air: and this is, in faét, much 
the fame thing, if not quite the fame thing, 
with common air phlogifticated. I was in- 
duced to make this experiment, in confe- 
quence of that which I had made on fedative 
falt, which is made from borax, and from which, 
as | have obferved, I had extracted air, about 
as good as common air; being in hopes that 
this experiment would throw fome light upon 
the other; but I was difappointed in that ex- 
pectation. | ) 


Having thrown the focus of the burning 
lens upon a piece of volatile fal ammoniac, in 
quickfilver, a great quantity of air was pre- 
fently expelled from it; but upon withdraw- 
ing the heat, a great part of it foon difap- 
peared, leaving the fides’ of the veffel co- 
vered with flender cryftals, exaétly like thofe 
which are produced by a mixture of fixed air, 
and alkaline air. The remainder was imbibed 
by water, being, no doybt, fixed air. 


Among other things, I threw the focus of 
the lens upon a piece of fine white fugar, in 
quickfilver. It was readily melted, and cons 
verted into a brown fubftance, yielding about 
two-thirds of its bulk of air, one-third of which 
was readily abforbed by water, and the re, 
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mainder extinguifhed a candle. I repeated the 
experiment with a brownifh powdered fugar, 
with the fame refult, excepting that more air 
was generated from this than from the white 
fugar, in proportion to their bulks. 


From common falt, confined by REA ee, 
T got no air at all, 


There has been a good deal of difference of 
opinion among philofcphers, about the quality 
of the air that 1s really contained in Chalke ats. 
Black’s opinion is, that it is properly fixed air ; 
whereas others have thought that the acid by 
which the air is diflodged from the chalk, re- 
ally enters into the air that is produced in the 
procefs, and accordingly, that the fixed air pro- 
duced by different acids, has different proper- 
ties. An Italian philofopher, who did me the 
honour to write to me upon the fubject, in- 
forms me, that he has cifcovered that air pro- 
duced fro chalk by heat, is of a different 
nature from that which 1s got from it by acids, 
and particularly that the former will not make 
water acidulous. For my own part, I muft 
acknowledge that I have not examined this 
fubje& thoroughly, and have- been fometimes’ 
inclining to one opinion, and fometimes to an- 
other. Sometimes I have thought fixed air to be 
an original acid, and therefore oné unitorm inva- 

riable 
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riable thing, from whatever fubftance, and in 
- whatever manner procured. At other times I 
have been inclined to think, that its acidity is 
derived from fome other acid, efpecially the 
nitrous, for reafons that may he in a°fub- 
fequent fection. 


At prefent, I cannot fay that I am quite de- 
cided about this queftion ; but that I am much 
inclined to Dr. Black’s opinion, and that all 
my experiments on chalk are in favour of it. 
For though I could get but very little air 
from pure chalk, either in quickfilver, or in 
vacuo, it was always fixed air, though the re- 
fiduum was fometimes more confiderable than 
I have found it to be when the air was pro- 
duced by the dolution of chalk in an acid... 
Once, however, I got a fmall quantity of very 
pure fixed air from chalk, by heat, in quick+ 
filver, almoft as much of it being abforbed by 
water, as when chalk is made to give air by 
means of an acid. 


It is remarkable, however, that heat is able 
to expel but very little air from chalk. I kepe 
a very {mall quantity of chalk in the focus of 
my burning lens, which I have obferved to be 
twelve inches in diameter, and twenty inches 
focal diftance, more than half an hour, when - 
the fun was near its greateft altitude, on the 


1 4 23d 
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23d of July; but notwithftanding this long 
expofure to fo intenfe a degree of heat, it feem- 
ed to give as much fixed air when thrown into - 
a veffel of water, acidulated with oil of vitriol, 
as-an equal quantity of chalk which had not 
been expofed to any heat atall. Of this, how- 
ever, I only judged by the vifible effervefcence, 
and did not make any attempt to meafure the 
produce of air, in order to afcertain the effect 
of thefe different circumftances with accuracy. 
I have alfo kept chalk more than a quarter 
of an hour in the ftrongeft heat of a fimith’s 
forge, in a-crucible) without making any {fen- 
fible alteration in it But I believe there may 
be great differences in the conftitution of dif- 
ferent fpecimens of chalk in this refpect, 


When I put a quantity of chalk into a tall 
glafs-veffel, fig. d, and kept it in as ftrong a 
fanid- heat as it would bear, without melting, 
I extracted from it about its own bulk of air ; 
and examining the ftate of it at {mall intervals, 
T always found that it precipitated lime in lime- 
water, and that the refiduum, not abforbed by 
water, extineuifhed a candle: and thefe feem 
to be the fureft tefts of genuine fixed air. 


SEC: 
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Of dir produced by the Solution of Vegetable Sub- 
ftances in Spirit of Nitre. 


The experiments, of which an account will 
be given in this fection, were occafioned, in 
part, by a hint thrown out by Mr. Bewley, in 
his letter to me, printed in the Appendix of 
my former volume; but more immediately by 
an experiment which I had the pleafure to fee 
at Paris, in the laboratory of Mr. Lavoifier, 
my excellent fellow-labourer in thefe inquiries, 
and to whom, ina variety of refpects, the phi. 
lofophical part of the world has very great 
obligations. | 

Mr. Bewley fays, that he had always taken, 
it for granted, that the elaftic fluid, generated 
in the preparation of nitrous ether, without 
diftillation, was fixed air ; but that, after fee- 
ing the firft publication of my. papers relating 
to air, he found, on examination, that it had 
the general properties of nitrous air. 


At Mr. Lavoifier’s I faw, with great aftonifh- 
ment, the rapid production of, I believe, near 
| two 
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two gallons of air, from a mixture of fpirit of 
—nitre and fpirit of wine, heated with a pan of 
charcoal; and when that ingenious philofopher 
drew this air out of the receiver with a pump, 
and applied the flame of a candle to the orifice 
_ of the tube through which it was conveyed into ~ 
the open air, it burned with a blue flame; and 
working the pump pretty vigoroufly, he made 
the ftreams of blue flame extend to a confider- 
able diftance: Being very much ftruck with this 
experiment, I determined with myfelf to give 
particular attention to it, and purfue it after 
my return to England. 


' My firft idea was, that this air was the fame 
thing with the phlogifticated nitrous air which 
I had procured by expofing pieces of iron or 
liver of fulphur to nitrous air, the phiogifton 
of the fpirit of wine being, as I fuppofed, difen- 
gaged in this procefs, and becoming incorpo- 
rated with the nitrous acid, in the fame manner 
as the phlogifton that is difengaged from the 
two other fubftances. Thefe kinds of air dif- 
fered, however, in one refpect, viz. that in 
Mr. Lavoifier’s experiment the flame was blue, 
whereas it had not been fo in mine. But this 
feemed to be a circumftance of no great im- 
portance. Indeed I cannot fay, that, at pre- 
fent, my idea of the thing is materially diffe- 
rent from what it was then; but Ihave fince 

had 
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had an opportunity, by purfuing this expe- 
riment, of obferving a much ae variety 
in the production of air by means of fpirit of 
nitre, than I had any expectation of before. 


In-reality, the nitrous acid is of a moft won- 
derful nature; the more I confider it, the more 
it excites my admiration, and the more unfa- 
thomable the fubje& appears. I flatter my- 
felf that I have made confiderable advances in 
the inveftigation of it myfelf, and I ftill pro- 
pofe to keep it in view ; but I own I have very 
little expectation of {eeing it thoroughly éx- 
plained, 


In general, it will be feen, in the courfe of 
thefe experiments, that if the fubftance with 
which the fpirit of nitre is heated, whether it 
be fluid or folid, contain much phlogifton, the 
air produced ee it will be nitrous air, or 
poflefs the property of diminifhing common 
air to a confiderable degree ; and, in almoft 
all cafes, with a mixture of fixed air. Ifthe 
fubftance be inflammable, the air will gene- 
rally be fuch as I faw at Mr. Lavoifier’s, burn- 
ing with a blue flame. But this inflamma- 
bility is of a very delicate kind, refembling 
that of phlogifticated nitrous air: for the air 
is eafily deprived of it by wafhing in water. 


A particular 
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A particular account of thefe experiments, 
though very remarkable.in their nature, will, 
I forefee, be thought tedious by fome perfons; 
but the detail will be very ufeful to fuch as 


fhall chufe to profecute them; efpecially on 


account of the precautions that I fhall occafion- 
ally give to prevent difacreeable accidents from 
them. Every chymift knows how hazardous 
it is to mix fpirit of nitre with inflammable 


matters; and I was not unapprized of it, hav-. 


ing feen the effect in a courfe of chymical lec- 
tures many years.ago. But, being obliged to 
imake thefe mixtures in a very different manner, 
the effe& could not be obviated without a va- 
riety of precautions, which experience only 
taught me. | 


Beginning with /pirit of wine, in imitation 
of the experiment which I had feen at Mr. La- 
voifier’s, I made the mixture with the fpirit of 
nitre, in the manner directed in the procefs for 
making nitrous ether; putting about one- 
third of fpirit of nitre, to two-thirds of fpirit 
of wine, in fuch phial as e, vol. 1. plate I; 
mixing them very gradually. Heating this 
mixture with the flame of a candle, I received 
the air in water; and when I had procured a 
confiderable quantity of it, I examined it, and 
found it to burn with a gentle blue, or green- 


jf; flame, nearly the fame, as well as I could 
recollect, 
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recollect, with that which I had feen at Mr. 
Lavoifier’s; fo that I had no doubt but that 
my procefs, though fomewhat different from 
his, had anfwered perfectly well. 


Confidering this flame with attention, I 
thought it very much refembled that which is 
produced by a mixture of about one-third in- 
flammable air, and two-thirds nitrous air; and 
concluded, that it was probably compofed of 
them both; the nitrous acid forming nitrous 
air, by feizing upon the phlogifton of the fpi- 
rit of wine; and there being a redundancy 
of inflammable matter, fufficient to render 
the air partially inflammable. 


In the directions to make nitrous ether, I 
was cautioned to pour the {pirit of nitre upon 
the {pirit of wine, and by no means to pour 
the fpirit of wine upon the fpirit of nitre. But 
though this method of mixing thefe liquids 
may not an{wer the purpofe of making nitrous 
ether, it anfwered very well. for the» /Produc- 
tion of air, and was a very ufeful variety in 
the procefs. It is neceffary, however, that the 
unexperienced operator fhould be upon his 
cuard in thefe experiments. 


The fpirit of nitre fhould be much diluted, 
and the quantity of any liquid inflammable 
matter 
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matter fhould be very fmall, juft fufficient 
to cover the furface of it: otherwife, though 
the mixture may exhibit no alarming: appear- 
ance at firft, it will, in a little time, become 
very black, beginning at the furface; the 
-phial will then be filled with red fumes, the 
air will be generated in a prodigious tor- 
rent, and, unlefs the tube through which 
it 1s tranfmitted be fufficiently wide, and the 
veffel in which the mixture is made be very 
ftrong,, the whole will be exploded with great 
Ln ae - Of this I have feen but too many 
inftances ; and fometimes when I had thought 
that my experience had taught me fufficient 
precaution. Befides, all oily matters become 
extremely vifcid, by mixing with fpirit of 
nitre; and this vifcid matter getting into the 
tube, {tops it up, and much increafes the ha-_ 
zard of an explofion. But to recur to the exs 
_ periments. 


Having one a very little /pirit of wine 
upon a quantity of diluted fpirit of nitre in a 
glafs-phial, with a ground ftopple and. tube, 
a great quantity of air was prefently produced. 
When a candle was dipped into this air, it 
was extinguifhed; but in going out was fur- 
rounded with a flight blue or green flame, but 
_ hardly more than is perceived in nitrous atr. 
Almoft one-half of this produce of air was rea- 

2 dily 
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dily abforbed by water, and precipitated lime 
in lime-water; and I doubt not but that, in 
the fubfequent experiments, as well as in this, 
a great proportion of the air produced in this 
manner was fixed air. The remainder was 
nitrous, almoft as {trong as any. 


Upon air produced in this manner from 
oil of turpentine, 1 happened to make a few 
more experiments, fome of which are not a 
little remarkable. When I ufed the ftrongeft 
Ipirit of nitre in this procefs, it was very dif- 
ficult to get much air, on account of the fud- 
dennefs of the effervefcence ; but a great quan- 
tity of air is eafily produced by diluting the 
fmoking {pirit of nitre with an equal quantity 
of water. At one time, however, when I had 
heated this mixture pretty much, and it had 
yielded a great deal of air, though I withdrew 
the candle, the air continued to be produced 
fafter and fafter for about a minute. It then 
came quite inatorrent; all the oil of turpen- 
tine was thrown out of the phial, and the fpi- 
rit of nitre only leftin it. This is likewife the 
cafe with other fimilar mixtures ; fo that when 
it is neceffary to apply heat, it fhould be done 
very gradually and cautioufly, and the air 
fhould never be generated very fait, unlefs the 
purpofe of the experiment require it, and the 
operator be upon his guard accordingly. 

When 
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When I received this air in water, it extin- 
guifhed a candle, and did not diminith common. 
air. When received in quickfilver, it ftill ex- 
tinguifhed a candle; but as it went out the 
third or fourth time, it was furrounded with 
a bluifh flame, as large as that of the candle. 
And happening, at one time, to apply more 
heat than I intended. when the air was received 
‘in water (and in confequence of it, the air was 
produced very fuddénly) I examined it im- 
mediately, anda candle burned in it with an 
enlarged flame, though not remarkably fo. It 
fhows, however, that in this procefs alfo, as 
well as in. the procefs for making phlogifti- 
cated nitrous air, the property of its admitting 
‘a candle to burn with an enlarged flame de- 
' pends, in a great meafure, upon the time at 
which the experiment is tried after the air is 
produced, and upon other delicate circum- 
ftances. | 


A quantity of this air, received in water, 
was about half-abforbed inone night. By agi- 
tation it appeared to be abforbed not fo readily 
as fixed air, nor with fo much difficulty as 
nitrous air, but in a medium between both. 
When this air was reduced to about one-eighth 
of its original bulk, it was diminifhed by ni- 
trous air. But this is the cafe with all the 


kinds of air that will bear the experiment, and 
| even 
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even with nitrous air itfelf, as I have aca 
in my —_— publication. | 


At the time that I made the preceding expe- 
riments with oil of turpentine, I had no lime- 
water at hand ; and therefore only judged that 
part of the produce was fixed air, by the man- 
ner in which it was abforbed by water. But, 
lefs certain as this teft 1s, a perfon much ufed 
to experiments of this isnt: will be able to ap- _ 
ply it with fufficient certainty in moft cafes. 
However, repeating this experiment, when I 
had procured the glafs-phials with ground- 
{topples and tubes, I found that the greateft 
part of this air was unqueltionably fixed 
air, precipitating lime in lime-water, as much 
as any fixed air whatever, and that the remain- 
der was itrongly nitrous. Attempting at this 
time alfo, to receive the air in quickfilver, a 
good deal of the vapour of the fpirit of nitre 
came over; and, diffolving the quickfilver, 
made the produce of air almott wholly ni- 


trous. 


I obferved, at one time, when I had pro- 
duced this air ina phial with a ground-ftopple, 
that after the firft part of the procefs, in which 
no heat was applied, the water rufhed back 
into the phial. Upon this I applied the flame 


of a candle to the diluted mixture, and getting 
K a fecond 
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a fecond produce of air, examined them both 
{feparately. Both of them contained a great 
proportion of fixed air, precipitating lime in 
ime-water very much; and when the fixed air 
-was wafhed out of them, they both diminifhed 
common air, but the latter more than the for- 
mer. Two meafures of common air, and one 
of this, occupied the fpace of little more than 
two meafures. 


In order to judge how far an acid prevailed 
in this air from fpirit of nitre, and oil of tur- 
-pentine, I put alkaline air to it; when in- 
{tantly a white cloud was produced, which rofe 
to the top of the veffel ; but it was by no means 
fo denfe as that which is produced by mixing 
alkaline air with any of the acid airs; nor did 
tne whole quantity of air difappear, but only 
half of it. However, all the infide of the tube 
was covered with a faline fubftance, which I 
did not examine, but fuppofed it to have been 
the witrous ammoniac. Waving the curiofity 
to dip the flame of a candle, which happened 
to be at hand, into the air that remained of 
this mixture, it appeared to be fo:far inflam- 
mable, as even to make a confiderable explo- 
fion; but not quite fo great a one as I have 
obferved to havé been made by a quantity of 
phlogifticated nitrous air, vol. I. p. 217. 


Repeating 
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Repeating this experiment fome time after- 
wards, about one-fourth of the mixture of this 
air, and alkaline air, difappeared upon their 
being put together. Half of the remainder 
was abforbed by water; and in this fecond re- 
mainder, which, by its rednefs, on being ex- 
pofed to common air, appeared to be confider- 
ably nitrous: a candle burned with a beauti- 
fully enlarged flame. 


In thefe cafes the alkaline air muft have fup- 
plied the phlogiften, which the iron and liver 
of fulphur had before fupplied to nitrous air ; 
in confequence of which it admitted a candle 
to burn in it in the fame manner; for neither 
of the component parts of this air, viz. the 
fixed or the nitrous, are either feparately, or 
together, inflammable. It is fomething re- 
markable, however, that when I mixed equal 
quantities of nitrous and alkaline air, and exa- 
mined the mixture immediately, the nitrous 
air feemed not to have been at all affected by 
the alkaline air. It was not in the fimalleft 
degree inflammable. I had imagined that al- 
kaline air might, in this manner alfo, have 
phlogifticated the nitrous air; but it feems 
that when it is fo applied, it has no fuch ef. 
fect, | ; 
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Air produced from all the effential oils by f{pi- 
rit of nitre, has, I believe, the fame proper- 
ties as that which is produced from oil of tur- 
pentine. JI tried another, but I forget which, 
in a phial with a ground-ftopple, and the air 
produced from it precipitated lime in lime- 
water, extinguifhed a candle, and diminifhed 

common air a little. 


Ether, both vitriolic and nitrous, heated in 
fpirit of nitre, yields the fame kind of air as 
the effential oils, or fpirit of wine, viz. partly 
fixed air, and partly phlogifticated nitrous air. 
Equal caution is alfo necefflary in conducting 
this procefs; for the phenomena attending it 
are the fame that I defcribed in the beginning 
of this fection, and in the higheft degree. I 
would therefore recommend the ufing of a very 
fmall quantity of the ether, and gigas it up- 
on the fpirit of nitre. 


7 At Brn. fas gs in imitation of the pro- 
cefs for making nitrous ether, I poured the 
{pirit of nitre upon the ether, as I had done at 
firft alfo with fpirit of wine; and, heating the 
mixture, received the air, which it yielded i In 
great plenty, in quickfilver. This air made 
no cloud with the mixture of alkaline air; it 
burned exactly like the vapour of ether itfelf ; 
and when part of the mixture had boiled over, 


4. it 
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it quickly abforbed the air that had been ge- 
nerated, 


Seeing fufficient reafon to difapprove of this. 
rocefs, I had recourfe to the other, and found 
that when I ufed a very diluted fpirit of nitre, 
and but little ether, the experiment was risa 
more manageable, and the air was produced 
in fufficient plenty. This air was readily ab- 
forbed by water; and upon putting alkaline 
air to it, a very flight cloud rofe to the top of 
the veffel; but there was no fenfible diminu- 
tion of the quantity of air occafioned by it. 
When acandle was dipped into this air, it was 
extinguifhed many times, but always with a 
beautiful bluifh flame, much larger than the 
natural flame of the candle. Towards the clofe 
of the experiment, the air in the infide of the 
veffel became red; a certain figmof its being 
confiderably nitrous. On repeating this expe- 
riment, when I had procured the phials with 
the ground- {topples and tubes, I had the moft 
fatisfactory proof, that part ofthis produce of 
air was fixed air, by its precipitating lime in 
lime-water ; and that the remainder was nitrous, 
almoft as ftrong as any, by its power of dimi- 
nifhing common air. | i 


The refult of the experiment with xitrous 
etber was, in all refpects, the very fame as that 
K 3 of 
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of this with vitriolic ether. I made the expe- 
riment, becaufe it might have been expected 
that there would have been fome difference in 
the refult, as the nitrous ether is the produce 
of fpirit of nitre, with which i it was now mixed. 


Spirit of nitre, heated with olive-oil, yields 
the fame kind of air with that which is pro- 
duced from effential oils, &c. but the procefs 
1 exceedingly troublefome, owing to the te- 
nacity of the oil, and it is not much more 
manageable, when but a very little of the oil 
is put toa large quantity of the diluted {pirit 
of nitre. The air which I got in this manner 
precipitated lime in lime-water. 


With very great difficulty I got, in a phial 
with a ground-itopple, a very fmall quantity 
of air from fpirit of nitre and tallow, the water 
rufhing into the veffel after every guth of air. 
It precipitated lime in lime-water. 


The refult of the experiment with dees-wax, 
was the very fame with that with tallow.  Put- 
ting a {mall piece of bees-wax upon a quantity 
of pretty ftrong fpirit of nitré, I got air which 
‘made finnve-Awatee turbid ; but not enough to 
afcertain its other properties. This procefs — 
was equally difficult with the preceding, on 


account 
I 
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account of the water rufhing into the phial af- 
ter every gufh of air, | 


- 1 had the curiofity to endeavour to procure 
air from fome of the gums, &c. by this pro- 
cefs, and found the refult to be, in the main, the 
fame with that of the preceding experiments. 


Gum-arabic eafily diffolves in the nitrous 
acid; and as it diffolves, a great quantity of 
air is praduced, making a beautiful appear- 
ance; but when the acid is nearly faturated, 
it becomes vifcid, and the veffel gets full of 
froth. Part of this air was fixed, precipitat- 
ing lime in lime-water, and being readily ab- 
forbed by water. The remainder was nitrous, 
almoft as ftrong as any. 


The refult was the fame with gum-copal, ex- 
cepting that thfs fubftance did not fink in the’ 
{pirit of nitre, as the gum-arabic had done. 


Camphor, with diluted {pirit of nitre, yielded 
very ftrong nitrous air; but required a confi- 
derable degree of heat. A good deal of the 
camphor, which had been fluid, and had fwum 
on the furface of the {pirit of nitre, came over, 
and refumed its natural appearance in water. 
I did not try whether any part of this produce 
was fixed air. | 

K 4 { got 
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- I got fome air by fpirit of nitre from amber, 
which precipitated lime in lime-water ; but the 
quantity was too fmall to be examined any far- . 
ther..: Afterwards I got a larger quantity from 
a gteater number of. {mall pieces of amber, 
heated in a weak fpirit of nitre, contained in 
a.phial with a ground-ftopple. © About one- 
third of this produce was fixed air, precipitat- 
ing lime in lime-water, and being readily ab- 
forbed by water. In the remainder a candle 
burned with an-enlarged greenifh flame. It alfo 
diminifhed common air; fo that two meafures 
of common air, and one of this, occupied the. 
fpace of 2 +. meafures. 


N.B. Mott of the pieces of amber ufed in this 
experiment were turned black quite through, 
the reft continuing of their natural colour. 


It happened, in the courfe of thefe experi- 
ments, that a bit of /ealing-wax got into the 
phial, and I obferved air to iffue from it very 
copioufly. Upon this, I put a piece of fealing- 
wax into the phial, with fpirit of nitre, and 
received the air.at different times. That which 
came over firft was, in the higheft degree, ni- 
trous ; but when, with the application of more 
heat, I caufeda copious production of a very 
turbid kind of air (which however, prefently 
became tranfparent) it hardly affected common 

i air 
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air at all. Jt was then pretty readily abforbed 
by water, and though at firft it extinguifhed 
a candle, yet when it had been wafhed in wa- 
ter, a candle burned in it with a blue flame. 
Indeed when the candle was extinguifhed in 
it, it went out with that kind of blue flame. 
The courfe of this experiment will be found 
to be analogous to that with other hard fud- 
ftances containing phlogifton, which I fhall now 
recite, though many of them were made before 
this. 


Having found that charcoal would diffolve 
in oil of vitriol, and thereby yield a vitriolic 
acid air, I had the curiofity to try what would 
be the effect of an attempt to diffolve this fub- 
{tance in fpirit of nitre. ‘This was when I had 
made but little progrefs in the preceding expe- 
riments with oily and gummy fubftances, and 
I had no expectation of the refult. I began 
with taking the produce in quickfilver, as I 
had done with that from the vitriolic acid ; but 
all that came over in this manner, was the ni- 
trous acid vapour, which, feizing upon the 
quickfilver, produced nitrous air. 


After this, I received the produce in water, 
and found it to be genuine nitrous air, almoft 
as {trong as any that is produced from metals. 
At that time I was much furprized at this re- 

fult, 
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~ fult, having imagined that nitrous air could 
not be procured but by the folution of metals 
in {pirit of nitre; and I confidered this as an- 
other property in which metals and charcoal 
refemble each other; befides thofe which lI 
had noted before, and an account of which 
may be feen in a paper formerly printed in the 
Philofophical Tranfactions, and which I fhall 
infert in this volume. But prefently after this 
I got nitrous air equally ftrong from other hard 
fubftances, fuch as dry wood of various kinds, 
é&c.; but in thefe procefles, the quality of 
the air differs exceedingly, according to the 
degree of heat applied, and other circumftances : 
and I think the fubject deferves a farther in- 
veftigation. ‘To promote this, I fhall recite 
the principal facts of this kind that have occur- 
red to my obfervation. 


Having poured about a quarter of an ounce-. 
meafure of fmoking fpirit of nitre, mixed with 
an equal quantity of water, upon fome pounded 
charcoal, and having applied to it the flame of 
a candle, I collected a large jar full of air, in 
all twenty-eight ounce-meafures. When about 
_ half of this quantity of air was produced, it 

was impoffible to apply any more heat, but 
the fpirit of nitre would come over; which 
it did, tinged with a deep black.. When all 
the liquor was come over, {till one-fourth part 

of 
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of the air was produced with the application 
of a ftrong heat. The air of this whole pro- . 
duce, “which was not taken at different times, 
was ftrongly nitrous. Two meafures of coms 
mon air, and one of this, occupied the {pace 
of no more than two cdGirabe 


It was my feeing this air produced in dif- 
ferent circumftances, viz. before any of the 
‘acid came over, and afterwards, that fuggetted 
to me the importance of rales the air at diffe- 
rent times, according to the change of circum- 
ftances in the production of it; a hint which 
I purfued to very great advantage afterwards, 
as the reader has already feen, and will fee 
farther, in the courfe of my experiments. 


Repeating the experiment with this view, I 
examined the firft produce of air, which came 
over, while the heat was very moderate, and 
found it to be véry ftrong nitrous air, -aleniott 
as ftrong as that which is procured from 
metals. Towards the laft I increafed the 
heat, and by that means produced a very tur- 
bid air, of which I colleéted a prodigious 
quantity. Sometimes, however, the air would 
be quite tranfparent, and then turbid again, 
feveral times. I endeavoured to take the tur- 
bid air and the tranfparent feparately, and I 
Succeeded pretty well ; but I found them both 


to 
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to be of the: fame quality, extinguifhing a 
candle, and diminifhing common air but very 
little ; two meafures of common air, and one 
of bis, occupying the {pace of little lefs than 
three mea fists. 


At this time I made ufe of the tit repre- 
fented fig. 2, with common corks ;. and obferv- 
ing that the corks were always. heat corroded 
in “ thefe experiments, 1 thought it would be 
proper to afcertain the effect of the fpirit of 
nitre on the cork, in order to make proper al- 
lowance for this circumftance in future expe- 
riments. I therefore poured a quantity of {pi- 
rit of nitre upon fome pieces of cork, and 
treating it in the manner above mentioned, I 
found the produce of air to correfpond very 
exactly with that which I had got from the 
charcoal. With a moderate degree of heat the 
air was ftrongly nitrous ; and with a great heat 
the air was turbid, and much lefs nitrous. I 
was not a little furprized to find that nitrous 
__ air was produced from cork, as it intirely over- 

turned my fyftem of the production of this 
air, depending upon that property of the char- 
coal by which it refembles metals. However, 
I prefently found, that genuine nitrous air was 
produced froma variety of other hard fub- 
fiances, for at that time I had not difcovered 


that it was produced from. any liquid ones. 
The 
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The correfpondence of an experiment which 
I made with old dry oak with that which I 
made with charcoal is ftriking enough; and 
one of them may a little illuftrate the other. 


I put about half an ounce meafure of the 
rafpings of old dry oak into one of the phials 
above mentioned, fig. 2, and poured upon 
them as much fpirit of nitre, half-diluted with 
water, as made them thoroughly moift. Air 
was inftantly produced, without the applica- 
tion of any heat. This air [ received, toge- 
gether with a little that was produced by hold- 
ing the flame of a candle, at the diftance of 
about a quarter of an inch, from the fide of the 
phial. I then placed the candle nearer, and 
received the air at five different times; the 
laft but one being produced when the flame 
touched the fide of the phial, and the laft, | 
when it was placed clofe under it, and after — 
all the moifture feemed to be expelled from the 
phial The firft produce was of the nature of 
nitrous air, the two next much more fo, almoft 
as {trong as any ; but the two laft were hardly 
nitrous at all. A candle went out in this air, 
burning with a bluifh flame, as if it had been 
in part a mixture of inflammable, nitrous, and 
fixed air. That part of this produce was fixed 
air, was evident, by its being readily abforbed 

by 
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by water; but I did not apply to it the teft of 
lime-water. 


Seeing this aftonifhing difference in the pro- 
duce of air by fpirit of nitre from different 
fubftances, and even from the fame fubftance 
in different circumftances, I thought that it 
might be poffible, by this means, to diftinguith 
thofe fubftances that are nutritious from thofe 
that are not; and, in my imagination, I had 
thought it poffible to afcertain the quantity of 
nutriment that different fubftances would yield 
by the quality and quantity of the air pro- 
duced from them; but the experiments by no 
means anfwered fuch fond expectations. I 
found, however, what I did not expe&, viz. 
a moft remarkable difference between the air 
produced from animal fubftances of feveral kinds, 
and from vegetables , for, in general, the former 
had little of the nitrous property ; but the lat- 
ter, though nutritious, yielded the fame kind 
of air with that which I had got from wood or 
charcoal. The facts furprized me very much 
and I can give the reader no clue-to lead him 
through the labyrinth. 


The vegetable fubftances which I tried were 
- eheat-flour, barley, and malt, all of which 
yielded nitrous air in the firft part of the pro- 
duce, and air of the fame quality with the laft 

produce 


- 
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produce from charcoal, if the procefs was con- 
tinued a long time, and with a ftrong heat. I 
had once fufpected that the nitrous quality 
might have come from the cork with which the 
phial was clofed, but I was fatisfed that it 
came from the fubftance within the phial, when, 
inftead of a phial clofed with a cork as before, 
I ufed one of thofe reprefented fig. 4, which I 
have obferved to have been contrived by Mr. 
Vaughan, Having put the barley and fpirit 
of nitre into this veffel, I heated it in a veffel 
full of water, placed on the fire, covering the 
phial with a glafs jar filled with water, in or- 
der to receive the air. The air procured in 
this manner was {till ftrongly nitrous, though 
it could come from nothing but the fpirit of 
nitre and barley. 


As I attended to a few collateral circum- 
{tances in the experiment with the malt, it may 
be worth while to recite the particulars. Hav- 
ing juft covered one pennyweight of malt with 
diluted fpirit of nitre, I made it boil, and 
procured from it two jars full of air, each con- 
taining near thirty ounce-meafures, and I might 
have collected more. That which came firit, 
and which was tranfparent, diminifhed com- 
mon air almoft as much as the ftrongeft nitrous 
air. The air which came laft, and which was 
turbid, hardly diminifhed common air at all, 

and 
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and it was readily abforbed by water. Before 
it was agitated in water, it extinguifhed a 
candle; but afterwards, when it was reduced 
to about one-fourth of its original quantity, a 
candle burned in it with a lambent blue flame. 


N.B. Towards the clofe of this procefs, 
part of the contents of the phial were —— 
to a coal. 
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S Ex@sT- b. OW ® VIIL. 


Of Air procured by the Solution of ANIMAL 
SUBSTANCES in Spirit of Nitre. 


I profefs not to be able to affien any reafon 
for the difference in the produce of air from 
animal and vegetable fubftances ; but the expe- 
riments, of which an account will be given in 
this fection, compared with thofe recited in the 
laft, will prove, that, in general, there is a 


very confiderable one. | 


‘Tt has. been feen that vegetable fubftances, 
diffolved in fpirit of nitre, befides’ fixed air, 
yielded nitrous air, and frequently as ftrong 
as that which is procured by the folution of 
metals in the fame acid; and this is the cafe 
whether the fpirit of nitre be much concentrat- 
ed, or much diluted. On the contrary, animal 


fubftances, in general, treated in the fame 


manner, yield about the fame proportion of 
fixed air; but the refiduum is either not at all, 
or in a very flight degree, nitrous (except in 
fome cafes where the fpirit of nitre is very 
ftrong) but is a kind of air which, neither af- 


fecting common air, nor being affected by ni- 
trous 
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trous air, but fimply extinguifhine a candle, 
may be termed phlogifticated air. Towards 
the end of a procefs, indeed, when, by means 
of ‘a ftrong heat, the produce of air is very 
rapid, and the air full of clouds, it is, like 
air produced from vegetable fubftances in the 
fame circumftances, flichtly inflammable, burn- 
ing with a lambent, greenifh, or bluifh flame. 


As there is a confiderable variety in the re- 
fult of thefe proceffes, arifing from feveral cir- 
cumftances, the influence of which may not be 
apprehended, I have been careful to note every 
thing relating to them, that appeared to me at 
the time to be of any importance. - But, not- 
withftanding this, it is very poffible I may have 
made’ omiffions, of the effect of which I was 


not apprized; and therefore thofe who thall 


endeavour to repeat the experiments after me 
may not find precifely the fame refults that I 
have reported. This will often be the cafe in 
experimental inquiries fo new as thefe,; and as 
no human care has yet been fufficient to pre- 
vent this inconvenience, it 1s the part of hu- 
man candour to make proper allowance for it. 


I cannot help flattering myfelf, however, 
that thefe experiments, properly purfued, -may 
be a means of throwing light upon the two 


ereat natural procefies of vegetation and anima-— 


he lization ; 
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lization, as they exhibit a new and ftriking 
difference between fubftances formed by them. 
On this account [ would willingly recommend 
them to the particular attention of chymifts 
and phyficians. The experiments themfelves, 
nearly in the order in which they were made, 
are as follows. 


I put equal quantities of fpirit of nitre 
and water upon fome pieces of deef, dried till 
they were perfectly hard, but without being 
burned, and took the firft produce of the air, 
which was generated without the application 
of heat, and was very confiderable; and af- 
terwards that which came over when the flame 
‘of a candle was placed within about a quar- 
ter of an inch from the phial; but neither of 
them fenfibly affected common air. They were 
both pretty readily abforbed by water, and ex- 
tinguifhed a candle. I had expected that this 
air, like that from dry wood, would have been 
nitrous air. 


This experiment being made with the flefhy 
part of a mu/cle, 1 next took a tendon from a 
neck of veal, imagining, from its firmer tex- 
ture, that the air produced from it might ap- 
proach nearer to that from wood ; but the air 
that came from it neither diminifhed ‘common 
air, nor was diminifhed by nitrous air, nor was 

L, 2 it 


-_ 
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it readily abforbed by water, and a candle went 
out in it. It feemed, upon the whole, to be 
much the fame thing with phlogifticated com- 
mon air. , 


I thought there might be fome difference 
in this refpect, between ‘air produced from the 
white, and from the brown flefh of animals; 
but I made the experiment with the breaft and 
the leg of a turkey, without finding any. - That 
which was produced from thefe fubftances ex- 
actly refembled the air that I had got from the 
tendon of the calf; except that it was | more 
readily intbibed by water. 1 agitated a quan- 
tity of it in water five minutes, when one-fourth 
of it was abforbed,; but the remainder ftill ex- 
tinguifhed a candle, and did not differ from 
what it was before, except that it was now di- 
minifhed by nitrous air, like all other kinds 
of air agitated in water.. When all the fieth. 
was diffolved, air was ftill produced in great 
plenty, upon the application of the flame of a 
candle. The air produced in this manner 
was very turbid at firft; but the quality of it 
was not fenfibly different from that which came 
firft, and which was tranfparent. 


I repeated this experiment with the fame 
event, obferving that the turbidnefs of the air 
depended upon the degree of heat with which 


4. it 
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it was produced ; ‘for, after producing a large 
quantity of turbid air, I leffened the heat, and 
prefently the air was tran{parent as at firft, and 
upon increafing the heat, the air was turbid 


again. 


Having found no air of the nitrous kind 
from the flefh of an animal of the guadruped 
{pecies, or of a fowl, I was willing to try what 
would be the produce from the flefh of jibes, 


infects, and exanguious animals, 


From the fleth of /almon, made thoroughly 
dry, and then diffolved in fpirit of nitre, I got 
a great quantity of air, at firft without heat, 
till the whole was nearly diffolved.; when about 
a quarter of an ounce meafure of this folu- 
tion ftill yielded more than a quart of air. 
At the laft this liquor,. which had been 
pretty clear, . became: fuddenly opake; and 
in this ftate it yielded air. the moft plentifully, 
and continued to do fo till, .all the moifture 
being evaporated, it became a dry coal. While 
it continued clear, a ftrong heat, occafioned 
by applying the flame of a candle clofe to the 
phial, would immediately make the air turbid, 
efpecially toward the end of the procefs, jutt 
before the liquor became opake. At this time, 
however, the air in the infide of the phial bad 
nothing of that appearance, nothing being feen 

in 
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in it but the red fumes of the fpirit of nitrés 
but when the liquor became opake, it was 
filled with very denfe white fumes, 


The air, in all the ftages of this experi- 
ment, was in part fixed, precipitating lime in 
lime-water. In the middie of the procefs the 
refiduum was nitrous; but only in a flight de- 
eree. Towards the conclufion it had no fen- 
fible effect on common air ; and at lat i it burned 
with a blue lambent fame: which continued a 
confiderable time after I had withdrawn the 
- candle by which it had been fet on fire. In 
the air that caine jutt before the laft, a candle 
_ barely went out, furrounded by a flight flame 
of that colour. 


Repeating the experiment, I found nothing 
nitrous, either in the firft produce of air, be- 
fore the fiefh was diffolved, or afterwards ; 
and at this time I was particularly careful not 
to ufe any of the fiefh that was turned black, 
or very brown, in drying ; having fome fuf- 
picion that the nitrous property of the air in 
the preceding experiment came from fuch parts 


of the flefh, being then a kind of charcoal. 


The flefh of falmon having a peculiar co- 
Jour and flavour, I thought it would not be 
sean to dee the experiment with fome other 

kind 
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kind of fifth, the flefth of which was white and 
taftelefs. I therefore took the fle/h of perch, 
and diffolving it in fpirit of nitre, I procured 
a large quantity of air, no part of which was 
nitrous ; but a confiderable part of it was fixed, 
precipitating lime in lime-water. The greateit 
part of this air was produced after ail the flefh 
was diflolved ; and at the laft, when I increafed 
the heat, the air was turbid; but it did not 
fenfibly differ from that which was produced 
at firft, except that a candle went out in it 
with the flame flightly tinged with green. 


A large worm, treated in the fame manner, 
yielded air that was in part fixed, making lime- 
water turbid. The refiduum extinguifhed a 
candle, and was, in a {mall degree, nitrous, 
owing, perhaps, to fomething on its ftomach; 
for i had only prefied out the contents with 
my finger. 


-. Air produced from a number of wa/ps, dif- 
folved in {pirit of nitre, was partly fixed, and 
the refiduum fo far nitrous, that two meafures 
of common air, and one of this, occupied the 
fpace of 24 meafures. When the flame of a 
candle was dipped into it, it burned with a 
ereenifh lambent flame, | 


L 4 T had 
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T had next the curiofity to try what kind 
of air might be procured from the infenfible 
excrefcences of animal bodies, as horn, hair, fea- 
thers, 8c. which are protruded from the body, 
and feem, at firft fight, to be in a kind of in- 
termediate {tate between vegetable and animal 
{ybftances; but they appeared to be more of 
an animal than of a vegetable nature, i. e. 
judging by the air which I had hitherto found 
thofe fubftances to give, 


With fpirit of nitre and hair I got a quan- 
tity of air, part of which was fixed, precipi- 
tating lime in lime-water, and the remainder, 
not abforbed by water, which was about two- 
thirds of the whole, was in a {mall degree ni- 
trous. . 


From a crow-quill1 got air of the fame qua- 
lity with that from the hair in the. preceding 
experiment. This quill was black; and think- 
‘ing it poffible (as the hair I had made ufe of: 
was alfo in part black) that the nitrous pro- 
perty of the air might come from the phlo- 
gifton which produced that colour, I repeated 
the experiment with a white feather; but the 
refult was the fame: or, rather, the air in this 
cafe, was more nitrous than in the former. 
‘Two meafures of common air, and one of this, 
occupied the fpace of 24 meafures. ie ‘ 

ufed 
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ufed a much diluted fpirit of nitre, it will ap- 
pear probable, from the experiments recited 
at the clofe of this fection, that the produce 
would have been lefs nitrous. 


Air was eafily procured by diffolving born 
in fpirit of nitre. Part of it was fixed air, pre- 
cipitating lime in lime-water ; but a very great 
_ proportion of it was not abforbed by water. In 
this refiduum there was nothing fenfibly ni- 
~trous. That which came firft extinguifhed a 
candle, without any particular appearance ; 
but in that which came laft, it burned witha 
beautifully blue lambent flame. 


I had thought that, poffibly, the infide of an 
oyfter-fbell, or mother of pearl, might, together 
with fixed air, yield a quantity of fuch phlo- 
gifticated air as had been produced in the pre- 
ceding experiments ; but when they were dif- 
folved in fpirit of nitre, they each of them gave 
very pure fixed air, withoutany greater refiduum © 

than is found in the folution of chalk in oil of 
_ vitriol. 


Pieces of ivory diffolved in a very beautiful 
manner, in hot fpirit of nitre, and yielded a 
great quantity of air, which, in every ftage of 
the procefs, precipitated lime in lime-water. 
The ey was not nitrous, and extin- 

cuifhed 
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suifhed a candle, without any partieular colour 
of the flame. ° 


To try the difference between the fame fub. 
ftance, in a natural fkate, and after it was re-. 
duced to a coal by fire, I diffolved feme char- 
coal of ivory in fpirit of nitre, and found that 
it yielded plenty of air, the greateft part of 
which was fixed, and the refiduum was confi- 
derably nitrous. When the air was produced 
very faft, the infide of the phial was filled 
with a whitefume. This ivory had been kept 
in a red heat, covered with fand, about an 
hour. | : 


Eggs do not rank with the fubftances above 
mentioned ,; but being the produce of an ani- 
mal, and yet no proper part of one, I fhall 
recite the experiments I made upon them in 
this place. Both the white and the yolk of an 
egg, which I tried feparately, yielded a con- 
fiderable quantity af air, when diffolved in 
fpirit of nitre, and the difference between them 
was not fenfible. In both cafes part of the air 
was fixed, precipitating lime in lime-water, and 
the refiduum was fo far nitrous, that two mea- 
fures of common wit and one of soins occu- 


pied the fpace of 27  meafures. 


It 
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It occurred to me, that, poffibly, other parts 
of the animal, and the different animal /ecre- 
tions, might yield a different kind of air from 
that which the mufcles had yielded; and from 
the little that I have done in this way, 1 can- 
not help thinking, that the experiments deferve 
to be profecuted “farther. 


From the craffamentum of blood, with fpirit 
of nitre, I got great plenty of air, part of 
which was fixed, but no part nitrous. At laft 
the air was turbid; and, as is ufual in this 
cafe, a greater proportion of it was fixed air. 
Towards the laft alfo, when the blood was 
completely diffolved, the air was produced ir- 
regularly; for after an interval of about a 
quarter of a minute, there would be a fudden 
gufh of about a quarter of an ounce-meafure 
of air; but between thefe intervals the pro- 
duce was equable. 


Spirit of nitre put to the /erwm of blacd, im- 
mediately turns it into a white coagulum. 
This yielded lefs air than moft other fubftan- 
ces, treated in the fame manner, Part of it 
was fixed air, precipitating lime in lime-water, 
and the refiduum was not nitrous, and extin- 
guifhed a candle without any particular ap- 
pearance, 


Milk 


156 0 ©6Of Air ee by the Solution of 


Milk was alfo immediately coagulated by a 
mixture of ftrong fpirit of nitre, and yielded 
air, one-third of which was fixed, precipitating 
lime in lime-water; and the remainder was fo 
_ far nitrous, that two meafures cf common air, 
and one of this, occupied the {pace of 2 4 mea- 
fures. 3 


From cheefe, which was pretty old, I got 
air, a great part of which was fixed, and the 
remainder confiderably nitrous, 


Mutton-gravy, with ftrong fpirit of nitre, gave 
but little air, perhaps twenty times as much as 
its bulk. It was in part fixed, and the refi- 
duum not fenfibly zitrous. 


It has been feen, in a preceding fection, that 
all oily matters, of a vegetable nature, yield 
nitrous air in very great plenty, and that the 
produce is exceedingly rapid; fo that many 
precautions are neceflary in conducting the ex- 
periments. On this account I began to ufe 
the fame in my attempts to get air from Hog’s- 
lard, but found them to be altogether unne- 
ceffary : for this fubftance is but little affected - 
by very ftrong and hot fpirit of nitre, on the 
furface of which 1t continues fluid, and yields 
but little .air, perhaps four times its bulk. 
Part of this was fixed air, precipitating lime 

in 
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in lime-water, and the remainder was fo far 
nitrous, that two meafures of common air, and 
one of this, occupied the fpace of lefs than two 
meafures; that-is, it was almoft as ftrongly 
nitrous as that which is produced from metals. 

It is fomething remarkable, that, of all ani- 
mal fubftances on which I have made the ex- 
periment, that part which feems to be the moft 
remote from a vegetable nature, and is pecu- 
liar to animals, fhould approach the neareft to 
the mature of a vegetable in the air which it 
yields when diffolved in fpirit of nitre. This 
is the medullary fubftance of the brain. 


From part of the drain of a foeep, diffolved 
in {trong fpirit of nitre, I got a quantity of air, 
about half of which was fixed air, precipitat- 
ing lime in lime-water, and the remainder was 
fo far nitrous, that two meafures of common 
air, and one of this, occupied the fpace of 2+ 
meafures. When it was completely diffolved, 
and by a ftrong heat, the air came over very 
turbid, and a candle burged J in it with a lam- 
bent greenifh flame. 


I repeated the experiment with part of the 
fame brain that was boi/ed, and with the fame 
refult ; except that I did not continue the pro- 
cefs fo long. The refiduum of this air, when 
the fixed air was wathed out of it, was fo' much 

nitrous, 
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nitrous, that two meafures of common air, and 
one of this, occupied the fpace of 2 + meafures, 
This I tried with the latt of the three portions 
of air that Itook. The firft and fecond were 
not fo highly nitrous; and yet 1 am confident 
that all the three portions were wholly the pro- 
duce of the folution, both the phial and the 
tube being filled with bubbles, in the form 
of froth, before I took any air at all. 


After I had made thefe experiments, it oc- 
curred tome, that poffibly, this difference in 
the produce of air from vegetable and. animal 
fubftances might arife from ‘fome difference in 
the fpiritof nitre. But though I found that, in 
confequenc of the acid being more concen- 
trated, or more diluted with water, a real dif- 
Gatenite was occafioned in the air, {till véry 
much depended upon the fubftances them- 
felves, as will appear from the following ex- 
periments. 


A piece of boiled mutton, diffolved in very 
— ftrong fpirit of nitre, yielded air, which was 
partly fixed, with the refiduum fo far nitrous, 
that two meafures of common air, and one of 
this, occupied the {pace of 2 + meafures. Dif- 
folving a quantity of the fame mutton, in the 
_ fame fpirit of nitre, diluted with an equal quan- 
tity of diftilled water, I procured air, which 
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was not half fo much nitrous as that in the 


preceding experiment. With the fame refult 
[ alfo made this experiment with the white of 
an egg, which gave air much lefs nitrous when. 
diffolved in a diluted fpirit of nitre, than in 
the former cafe. ° 


In order farther to fatisfy myfelf, whether 
the refult would not he the fame with vege- 
table fubftances alfo, I took fome pieces of 


very dry old oak, and diffolved them in exceeds 


ingly weak fpirit of mitre. I alfo caufed the 
air, by means of heat, to be produced very 


_ rapidly; in which cafe the air is generally lefs. 


nitrous, at leaft toward the clofe of an expe- 
riment, as the reader will have obferved: but 
when the fixed air was wafhed out of it, the 
refiduum was almoft as ftrongly nitrous as any 
air that is produced by the folution of metals, 
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Sad T dee, 1X. 


Mifcellaneous Experiments relating to NiTRe, 
the Nitrous Acip and Nitrous Air. 


I have more than once recommended the 
ftudy of the xitrous acid, and of its various 
combinations, as promifing a fund of valu- 
able difcoveries, looking far into the con- 
ftitution of nature; and I flatter myfelf, that 
even my own experiments relating to this 
fubject, recited in this volume, will be thought 
to have fufficiently verified the obfervation. — 
But I confider this ample field of inquiry 
as barely opening, and that much more re- 
mains to be done ; and confidering how eafily 
this rich mine has been worked hitherto, I 
think one may fairly prefume that it will ftill 
abundantly reward the diligent labourer. 


It has been the opinion of feveral eminent 
chymifts, that there is but one primitive acid ; 
that all the different acids with which we are 
acquainted, are only different modifications or 
combinations of it; and that the nitrous acid, 
in particular, differs from the reft by a more 


intimate union of phlogifton with it. 
The 
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The. celebrated Mr. Stahl obferved, that by 
diftilling iron in the marine acid, fome nitrous 
acid was produced. Mr. Woulfe informs me, 
that he has done the fame by a procefs differ- 
ent from that of Stahl; and alfo that he has 
converted the acid of nitre into the marine 
acid, which-I believe'-was never done before. 


This I confider as a capital difcovery , and 
whenever this excellent chymift. fhall think 
proper to publifh his procefs, it will, I doubt 
not, be a great means of advancing the bounds 
of natural knowledge. 5 

‘’ | hie 

The relation that the nitrous acid bears to 
phlogifton is to me, I acknowledge, a great 
myftery. That this acid always contains phlo- 
gifton is very evident; and yet, fuch is its 
avidity, as we may fay, for more, that it takes 
phlogifton from moft other fubftances. It is, 
I prefume, by means of this property, that 
many fubftances into which the nitrous acid 
enters, can burn without the affiftance of com- 
mon air; and I now fufpect, that it is by the 
fame property that common air itfelf (which 
{ think I have proved to confift of nitrous 
acid and earth) is capable of fuftaining both 
flame and animal life. 
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I have fufficient proof, however, that the 
nitrous acid, both when combined, as it ge- 
nerally 1 18, sah water, and likewife when ex- 
hibited in the form of vapour, or air, is fo 
loaded with phlogifton, as to be capable of © 
phlogifticating both the common air, and the 
nitrous air, which are expofed to it. This I 
think to be a fact of a pretty extraordinary 
kind; at leaft it appeared fo much fo to me, 
that I had expected the very contrary effect 
from the experiments that I made upon it; 
having imagined that, fince the nitrous acid 
conftitutes the pureft of all the kinds of air, 
-common air wanted nothing more than a 
greater proportion of this acid to become de- 
phlogifticated air; and thus | was in hopes of 
being mafter of a procefs, by which I could 
not only reftore vitiated air to its original pu- 
rity, but even improve the purity of common 
air itfelf. And the attempt is of fuch a nature, 
that I am far from thinking that any perion 
needs to defpair of fucceeding in it, though 
the method which I took to accomplith it did 
not anfwer, but had a contrary effect. 


Among my random experiments to reftore 
vitiated air, I have mentioned my having ex- 
pofed it to the fumes of {moking {pirit of nitre, 
but without any effect; vol. I. p.75. This 
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was only fpirit of nitre in the common heat of 
the atmofphere, in a fmall quantity, and for 
no long fpace of time. I therefore confidered 
the experiment as inadequate to the purpote 
of it; and when I had got my phials with 
eround-ftopples, I introduced the tube of one 
of them, into which I had put fome ftrone 
fpirit of nitre, under the edge of a {mail jar, 
hlled with air that had been injured by putre- 
faction about a year before; and making it 
boil, forced the hot fumes to rife into, and mix 
with it, for a confiderable time, till the acid 
feemed to be almoft expelled from it; but J 
could not perceive that the air was fenfibly al- 
tered by this operation. It was no more dimi- 
nifhed by nitrous air than it had been before. © 


It was on the very. fame day on which I made 
the preceding experiment, that it occurred to 
me that I had, at that very time, a very good 
opportunity of afcertaining the effect of the 
fumes of fpirit of nitre on common air, by 
means of a quantity of ftrong fimoking ipirit 
of nitre, made at the Apothecary’s-Hall, con- 
tained in a large phial, one-fourth part of 
which was full, and which had not been opened 
for half a year; fo that all the inclofed air, 
which was three-fourths of the contents of the 
phial, had been expofed to the vapour of the 
fpirit of nitre all that time. < 
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By lofing the fpirit of nitre, I might have 
transferred this air into another veifel, with- 
out any mixture of common air; but not chuf- 
ing to do that, I poured it into another phial, 
by which means | got a mixture, three-fourths 
of which was the air from the phial, and one- 
fourth atmofpherical air, for which I had to 
make an allowance. Examining this mixture 
by the teft of nitrous air, I found that two mea- 
fures of it, and one .of nitrous air, occupied 
the {pace of 2 4 meafures, and a candle would 
not burn in it; fo that the fpirit of nitre muft 
have imparted phlogifton to the air which had 
been expofed to it, and in fo great a degree, 
‘that it had become almoft perfectly noxious ; 
as may be-eafily concluded, by allowing for 
the mixture of common and-wholefome air 
with it in this experiment. 

That acid fumes, as fuch, have not this ef- 
fe€t upon common air, I, at the fame time, 
afcertained, by making the fame experiment 
on the air of the phial which had contained the 
ftrongeft fpirit of falt; and, I believe, for a 
longgr time. This, however, was in all re- 
fpects as good as common air. This fpirit of 


ee 


falt was procured from the Apothecary’s-Hall, 


and fmoked very much. : 


Afterwards, 
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Afterwards; when I had contrived to fumi- 
gate different kinds of air, with the vapour ot 
fpirit of nitre, by a fingular kind of procefs, 
which will be mentioned below, I found that 
it had no effect whatever upon common air ; 
for in this cafe, I believe, it contained very 
little phlogifton : but the experiment was not 
tried to the greateft advantage. 


I was not much more difappointed in my 
expectations from this experiment than I was 
in finding that air was injured by being expo- 
fed to frefh-melted nitre. I had been led to 
make this experiment by obfervine that nitre, 
when it is fufed by heat, yields air. Seeing 
this, I had the curiofity to try whether it double 
recover the air it had loft by being expofed to 
the common air, and at the fiae” time to ob- 
ferve, what effect this expofure - would have 
upon the common air, in order to judge what 
it was that nitre, in thofe circumftances, took 
from the air. And I find that common air, 
expofed to nitre in thefe circumftances, is a 
little injured, but with fuch circumftances at- 
tending the proof of it, as I had never obferved 
before, and which I cannot well account for. 


The faéts were as follow. 


I melted about an ounce of falt-petre in a 
crucible, till all the air feemed to be expelled 
M 3 from 
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from it, and immediately placed it under a 
receiver ftanding in water, where it prefently 
became folid. The next morning J examined 
the air in which it had ftood, Aas found it to 

be not fo good as common air. It was dimi- 
— nifhed about ze lefs than an equal quantity 
of common air, which I tr ied at the fame time, 
and with the aa nitrous air. I repeated the 
experiment feveral times, with the fame refult. 


It was remarkable, however, that after thefe 
mixtures had remained a day and a night, they 
approached nearer to-an equality. T me alfo I 
obferved more than once, and am much fur- 
prized at the fact. _ It fhould feem that the air 
to which this nitre had been expofed was not 
abjolutely fo much injured as the firft mixture of 
nitrous air with it would fhow; but that its con- 
{titution was fo much altered, that it required 
more time for the phlogiten difcharged from 
the nitrous air to act upon it. | 


Afterwards I melted fome falt-petre in a 
clafs-phial, and the veffel being broken by the 
expanfion of the nitre in cooling, I expofed the 
nitre to a quantity of air confined by water, 
fo that the common air had accefs to it on all 
fides ; whereas, in the former experiment, it 
had been contiguous to it at its furface only. 
After about a week I examined this air, and 

immediately 
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immediately after by the trial with nitrous air, 
found it to be confiderably worfe than common 
air; two meafures of it, and one of nitrous 
air, occupying the fpace of two meafures only: 
whereas the mixture of common air made at 
the fame time, and with part of the fame quan- 
tity of nitrous air, was diminifhed as much as . 
ufual. I did not carry this experiment any far- 
ther, as I did with another quantity of com- 
mon air, which had likewife been expofed about 
a week to melted falt-petre in the iame circum- 
{tances. 


Two meafures of this air, and one of: ni- 
trous, at firft occupied the {pace of little more 
than two meafures; but it kept continually 
approaching to the degree of diminution of 
a mixture of common air made at the fame. 
time, till after four days the difference. be- 
tween them was very fmall. Whether after a 
longer time thefe two mixtures would have 
been reduced to the very fame dimenfions, I 
cannot tell. I made no more experiments of 
this kind, nor have I, in any other refpedt, 
purfued this fingular kind of fact any farther, 


In my former publications, I faid I had no 
doubt but that the nitrous acid might be ex- 
hibited in the form of air, and that expert- 
ments might be made upon it with a great 
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profpect of making confiderable difcoveries, 
provided that any fluid fubftance could be 
found capable of confining it. I have fince 
made feveral attempts to diveft this acid of the 
water with which it is generally combined; but 
though I have been favoured by fome unex- 
pected circumftances, I have been far from fuc- 
ceeding to my with, 


_ That this acid is capable of exifting in this 
dry form, I prefently {atisfied myfelf by an 
attempt to expel air from i it, by the fame pro- 
cefs by which I had before expelled the ma- 
rine acid-air, from fpirit of falt, viz. by heat- 
ing the Auid in a phial, and receiving the air 
in quickfilver. For thotieh the acid vapour 
very foon united with the quickfilver, yet the 
jar in which it was received being narrow, the 
faline cruft, which was formed on the furface 
of the quick filver, impeded the action of the 
acid upon it, till I had an opportunity of ad- 
mitting water to the air that I had produced, 


and of fatisfying myfelf, by its abforption, of 


its being a real acid air, having an affinity with 
water, fimular to other acid airs, 


In the firft Esporte rent that I made of «this 
kind, the rednefs of the air did not appear 
immediately ; but after fome time, when it 
might be prefumed that the nitrous vapour had 

produced 
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produced nitrous air, bya folution of the quick- 
filver; and the rednefs, I fuppofe to have been 
the effect of the mixture of this newly-generated 
nitrous air, with that portion of commen air, 
which had been contained in the upper part of 
the phial, and which had been expelled by the 
acid vapour. I did not admit water to this air 
till after an hour ; and even then it was fenfibly 


diminifhed; fome of the acid air not having 


been feized by the quickfilver. ‘The laft time 
that I made this experiment, in which I pro- 
duced about two ounce-meatures of air, I ad- ° 
mitted water to it as quickly as I could, and 
then one-third of the whole was imbibed by it. 


-In my account of the procefs to procure de- 
phlogifticated air from calcined flint, and alfo 
from talck, I have obferved that between. the 
produce of the phlogifticated and dephlogifti- 
cated air, there is a confiderable interval, in 
which nothing comes over but the pure vapour . 
of the acid, which is inftantly and wholly im- 
bibed by water. This circumftance gave me 
a.fine and unexpected opportunity of inaluag 
fome experiments upon this vapour. For the 
orifice of the tube through which it was tranf- 
mitted being plunged in water, and bending 
confiderably upwards, I could eafily put over 
it phials filled with any kind of air that could 
bear to be confined by water; and the end of 
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the tube rifing a confiderable way within the 
phial, the vapour muit neceffarily come into 
immediate contact with the air contained in it. 


The firft experiment that I made upon this 
“vapour, in thefe circumftances, was with 77. 
trous air; and it appeared to’ have the fame 
effect upon it that had been produced by liver: 
of fulphur, viz. diminifhing it till it was no 
more capable of affecting common air; and 
the operation was exceedingly quick. Indeed 
the whole progrefs of this experiment is not a 
little remarkable. The moment that the phial 
of nitrous air was expofed to this vapour, it 
became white, then tranfparent, then red; and, 
laitly, tranfparent again. 1 took one quantity 
of this air, when the whitenefs had juft gone 
off; and found that it was but little cee 
from pure nitrous air, diminifhing common air 
almoft as much. Taking aniothes phial when 
it was quite red, one-third of the quantity had 
difappeared, and its power of diminifhing 
common air was about one-half of what it 
had been. I then let another phial remain ex- 
pofed to this vapour, till I perceived that the 
diminution would go no farther ; when only 
‘z of the original quantity remained, and this 
did not affect common air at all. 


When 
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When this procefs is quick, that is, when 
the nitrous vapour comes very faft, the white- 

nefs preceding the rednefs, on mixing the ni- 
trous vapour with the nitrous air, can hardly 
be perceived, and the veffel containing the air 
becomes exceedingly hot, as well as the tube 
through which it is tranfmitted. I obferved 
that the veffel containing nitrous air continued 
exceedingly red for about a minute, without 

any vifible change of dimenfions in the air ; af- 
- ter which it was fuddenly diminifhed to about 
one-foufth of its original quantity, which re- 
fembles the procefs of the effervefcence of 


iwwon-filings and brimftone, defcribed vol. I. 
p. 118. 


I expofed to this nitrous acid vapour, com- 
mon air, inflammable air, and fixed air, and all 
of them for a confiderable time, without mak- 
ing the leaft fenfible alteration in any of them. 
It is poffible that a longer continuance of the 
procefs might have affected them; but a great 
deal .lefs time was abundantly fufficient for 
this acid vapour to produce its utmoft effect 
upon nitrous air. It fhould feem, therefore, 
that though this acid vapour contained phlo- 
eifton enough to phlogifticate, prefently and 
completely, a quantity of nitrous air, it does 
not contain enough to phlogifticate common 

air, 
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ai, at leaft;+thatat requires either more time 
to effect this purpofe, or a senprens mode of 
application. © - ror | 


As phlogifton had produced no effect upon 
fixed air, except in one particular cafe, viz. 
from the effervefcence of iron-filings and brim- 
ftone, I did not abfolutely expect that it would 
have been affected in thefe circumftanées. Bez 
fides, I only expofed the fixed air to this va- 
pour as it was expelled from the phial by 
the flame of acandle, when the vapour is not 
fo copious as when it is expelled by a ftrong 
fand-heat, furrounding the whole ae placed. 
in a crucible. 


In the courfe of the experiments, I thought 
IT faw reafon to conclude that the nitrous acid 
air is naturally colourle/s, like the other acid 
airs. For | obferved that, though the infide 
of the phial, and alfo of the tube, was very 
red, during the tranfmiffion of both the phlo- 
eifticated and dephlogifticated air, yet that in 
the intermediate {tate, when the pure acid came 
over, all the infide of the phial was tran{pa- 
rent; or if there was any fenfible colour, it 
was a whitifh caft. At the.fame time it was 
obfervable, that this acid vapour, mixing with 
any other kind of air, produced a red colour, 


As 
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As there was this rednefs in inflammable air, 
and other kinds of air, for fome time after this 
vapour was admitted to them, and they after- 
wards became tran{parent, | expected that fome 
alteration would have been made in them; but 
I was difappointed. 


I would here obferve, that the young ope- 
rator ougnt to be very cautious in conducting 
this procefs, and efpecially to take care that 
the tube through which this acid vapour is 
tranfmitted be ‘fufficiently wide; by which { 
mean that the hollow part of it fhould be about 
one-tenth, or one-twelfth ofan inch in dia- 
meter. When, at one time, I was fo incau- 
tious as to make ufe of a tube much imaller 
than this, almoft capillary, fome particles of 
the flint, as I fuppofe, got into it, and ftop- 
ped it up. However, there was a violent ex- 
plofion of the phial, and of all its, contents, 
by which I was expofed to fome danger: but 
providentially, at this time, as upon many 
other occafions, I efcaped without any hurt. 
But, in fuch a kind of bufinefs as this, no- 
thing can be expected to be done without furch 
rifques. sft 


In my former publication, p. 126, I have 
irene that I got little or no air by diffolv- 
2 ing 
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ing lead in {pirit of nitre. I have fince, how- 
ever, made another attempt of this kind, and 
with a little better fuccefs. I poured fmoking 
{pirit of nitre into a phial with a ground- 
{topple and tube, fig. c, containing 14 ounce- 
meafures, filled with {mall leaden fhot, fo as 
to leave no common air at all, either in the 
phial or in the tube; and I placed it fo as to 
receive ‘the air that might come from it in 
water. 


After waiting an hour, in which little or no 
air was produced, I applied the flame of a 
candle, though not very near to it, and in thefe 
circumftances I got about an ounce-meafure of 
air: but upon fome water rufhing into the 
phial, while the candle was withdrawn, air was 
produced very plentifully. I colleéted, in all, 
about a quarter of a pint, and might probably 
have got much more; but that the falt formed 
by the folution of the lead had fo nearly clofed 
up the tube, that I thought proper to difcon- 
tinue the procefs. The air, both of the firft 
and of the laft produce, was of the fame qua- 
lity, and fo far nitrous, that two-meafures of 
common air, and one of this, occupied the 
{pace of two meafures only ; excepting that the 
very firft and very laft produce, mixed with 
common air, took up a little more room than 

that 
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that which I got in the middle of the procefs. 
When the air was produced very faft, it was 
exceedingly turbid, as if it had been filled with 
a white powder. , 


In my former publicatien, the reader will 
have feen the refult of feveral proceffes in which 
nitrous air was phlogifticated with iron and 
liver of fulphur, in confequence of which a 
candle would burn in it, either naturally, as in 
common air, or with a beautifully enlarged 
flame. © As this air, in fome retpects, rebetiflekds 
common air, though it be noxious, it occurred 
to me, that it might be ao ftitole, by means 
of fome ingredients, to make it in all refpects 
common air; and with this, and other views, I, 
at different times, filled feveral phials with ni- 
trous air, putting to it iron or liver of fulphur 
to phlogifticate it, and alfo pieces of chalk, or 
a mixture of fixed air, in order to fupply it 
with that ingredient, which it is well known 
the atmofphere contains ; and in other refpects 
alfo I varied thefe preparations, in order to 
have the greater chance of fucceeding with re- 
fpeét to the object of the experiment. Thefe 
projects, the reader will eafily imagine, were 
antecedent to my difcovery of the real confti- 
tution of the atmofphere, as explained in a pre- 
ceding fection. However, as the proceffes took 
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up a good deal of time, decker perfons, in- 
tent upon thefe purfuits, may with to know 
what was the refult of them, unfuccefsful as 
they were with refpeét to my main object, I 
fhall here recite the particulars of the principal 
of them, in the order in which they were made. 


The reader may alfo have obferved, that, 
in one particular cafe, mentioned vol I. p. 220, 
a quantity of nitrous air, which had been ex- 
pofed two months to fome iron nails in quick- 
filver, was diminifhed by a mixture of frefh 
nitrous air. This I find in my regifter, writ- 
ten at the time of obfervation, and therefore 
can hardly doubt but that I muft have obferved 


that appearance, which is an indication of a 


confiderable degree of purity in the air, and of 


its fitnefs for refpiration. But as in none of 


the following experiments I could get the fame 
appearance, I fufpeét that I muft, fome way 
or other, have deceived myfelf on the former 
occafion. It muft be obferved, however, that 
it by no means follows, that becaufe we can- 
not, in a courfe of experiments, produce the 
fame appearance in what we zmagzne to be the 
fame circumftances, that we were therefore de- 
ceived with refpect to the appearance itfelf , 

becaufe nothing is more common than for per- 


fons to be deceived with refpect to what they 
imagine 


ne 
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imagine to be the fame circumftances in an ex- 
periment. ; 


- June 4, 1774. Two quantities of nitrous 
air, which had ftood above four months in 
contact with iron in water, juft snicgng;aithacst a 
candle, 


July 25. A candle burned with an enlarged 
flame; -but not more than double, in nitrous 
air, which had been in contaét with iron in 
quickfilver, about fix months. The appear- 
ance ‘was the fame when the candle was dip- 
ped into it, both before it was. once pafied 
through the water, and afterwards. Water 
being admitted to the remainder of this air, it 
began to be abforbed as ufual. 


March 2, 1775. Nitrous air, ‘which had 
been confined above a year in contaét with 
iron, ftanding in. water, was, in all refpects, 
like phlogifticated common air: it neither di- 
minifhed common air, nor was diminifhed. by 
nitrous air, and extineuifhed acandle. It had 
alfo the Fabiit {mell of phlogifticated air. ‘The 
more rufty 1 iron is, the fafter it diminifhes ni- 
trous air, which looks as if it took phlogifton 
from’ the nitrous air, rather than communi- 


cates any to it, | 
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March 4. In about one day, and without any 
heat, about one-third of a given quantity of 
nitrous air was imbibed by liver of fulphur. 
Yn the remainder a candle burned with an en- 
larged flame; but it was not at all diminitfhed 
by frefh nitrous air. 


March 6. Nitrous air, expofed to liver of 
fulphur and chalk, exhibited the fame pheno- 
mena as if no chalk had been put to it: it ad- 
mitted a candle to burn in it with an enlarged 
flame, was not diminifhed by nitrous air, and 
extinguifhed a candle, after a very little agita- 
tion in water. 


March 10. A quantity of one-half nitrous, 
and one-half fixed air, which had been in con- 
tact with iron, was reduced one-third in its di- 
‘menfions, and the remainder admitted a candle 
to burn in it with an enlarged flame, but was 
not diminifhed by nitrous air. 


May 7. I examined feveral quantities of ni- 
trous air, and mixtures of nitrous and fixed 
air, which had ftood expofed in quickfilver, 
to iron, or to iron that had rufted in nitrous 
air, about two months. None of them were 
diminifhed by nitrous air, or diminifhed com- 
mon air. In general they extinguithed a can- 
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die; but, in one of them, a candle burned na- 
turally when the fixed air had been wafhed out 
of it in water. One quantity of nitrous air, 
which had been expofed to iron that had rufted 
in nitrous air, was diminifhed about one-tenth, 
but was very little changed ; for it diminifhed 
common air almoft as much as frefh-made ni- 
trous air. Another quantity of nitrous air, 
which had been expofed to iron-nails, dimini- 
fhed common. air rather lefs than the preced- 


ing, 


N 2 SEC. 


—- 


180. Observations on Common Airs 


SEC TE PON Xt 
1 Some babeigtig ay on Commox Aan 


ai»? 


It is generally. figoaa and perhilps with 
reafon, that the ufe of fome metals is much 
fafer than others, on account of fome ffuvia 
iffuing from them. Copper and lead, for in- 
{tance, are thought to have fome noxious qua-~ 
lity of this kind; whereas iron is thought to. 
be perfectly harmlefs, in every fhape, as Dr. 
Franklin humoroufly obferves, excepting in 
that of a weapon. My experiments on the di- 
minution of air, by paint, confifting of white 
lead and oil, by which it is rendered perfect- 
ly noxious, have been interpreted fo as to fa- 
-vour that opinion; and,*in my account of 
thofe experiments, I had myfelf afcribed the 
effect to the phlogifton remaining in the white 
lead. 


I had then, however, obferved, that air is 
as much diminifhed, and confequently is ren- 
dered as completely noxious, by the calcina- 
tion of tin, as by that of lead; and tin, I be- 
_ lieve; ak not lie under any peculiar odiins, 
ali Indeed, 


Obfervations on Common Aire 184 


Indeed,” if rhy-hypothefis be well founded (and 
fo many facts-have occurred to my obfervation 
in fupport of it, that Ido not fee how it can 
be called)in-queftion) viz. that it is phlogifton 
that diminifhes air, and renders it noxious; it 
muft be a-matter of indifference from which 
of the metals it is difcharged, and the calci- 
nation of any of them mutt. render the air in 
which the calcination is made equally noxious. 
Other fats have occurred in the courfe of my 
late obfervations that farther confirm this opi- 
gina tes ) E 
When I was. making the experiments on the 
extraction of inflammable air from iron, I 
found, that if the quantity of air was confi- 
derable, the throwing of the focus of the burn-. 
ing Jens upon iron-filings inclofed in it, had 
no other effect than to diminifh the air, and 
make it noxious ; which it did, to as great a de- 
gree as the calcination of lead or tin had’done: 
for after this it made no. effervefcence, and 
was no farther diminifhed, by nitrous air. Af- 
ter this, I make no doubt, but that if the pro- 
cefs had been continued a fufficient time, there 
would have been an increafe of the quantity of 
air, by the production of inflammable air; but 
the firft effect of the difcharge of phlogifton 
from the iron was the phlogifticating and di- 
minifhing of the common air, 
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IT even found that air would be injured 
by having iron confined in it for a confider- 
able time. To try this, I filled a phial, con- 
taining common air, full of nails, the 18th 
of December, 1773, and left it inverted in 
a veflel of water till the 2d of March, 1775, 
when I found that it was diminifhed one-fifth 
of its bulk, and was not in the leaft diminifhed 
by a a mixture of nitrous air; fo that it muft 
have been perfectly noxious. 


I have alfo feen reafon to think, that my 
former opinion concerning the caufe of the di- 
minution of air by paint, viz. that it was 
effected by the difcharee of phlogifton from 
the white lead, was not well founded. For 
in making my experiments with red lead, hav- 
ing found before, that a compofition of which 
turpentine made a part, had diminifhed com- 
mon air (vol. I. p.179) and therefore, fuf- 
pecting that pofibly it might be the oil of tur~ 
pentine, and not the white lead, that contri- 
buted moft to the diminution of the air, I cot 
a fmall quantity of paint made with red lead, 
mixed in the ufual manner; and found, that — 
when I had daubed pieces of paper with this 
paint, and covered them with a jar ftanding in 
water, the air was diminifhed juft as before; 
fo that it was probably the phlogiftic efuvia 

of 
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of the oi/s, and not of the /ead, that produced 
this effect. 


~ In my former publication, I obferved that 
air, which had been expofed to the effluvia of 
the common red cement, was injured by it. For 
this purpofe, I had covered all the infide of a 
phial with it, and placed it, inverted, in a 
veffel of water. Since that time I have re- 
peated, or rather continued the experiment, 
letting the fame veffel ftand about nine months 
in that fituation; when, upon examining it, I 
found it was od PR one-fifth of its aes 
and that it was not at all affected by nitrous 
air. 


Having had fo much to do with red lead, 
in the courfe of my late experiments, I had the 
curiofity to try what would be the effect of that 
procefs by which the grey calx of lead is con- 
verted into red lead. The fimple calcination 
of lead, I knew to be the difcharge of phlogif- 
ton, by which the air contiguous to it is dimi- 
nifhed; and, as far as I have had an opportu- 
nity of obferving, the continuance of the fame 
procefs, by which the grey calx is converted 
into red lead, is of the fame nature, viz. a far- 
ther difcharge of phlogifton, and confequently 
a diminution of the air. For I threw the fo- 
cus of a burning lens upon a finall quantity 
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of the grey calx of lead, placed under a re. 
ceiver {tanding in water ; and though this ope- 

ration did not make it abfolutely red lead, it 
gave it a reddifh tinge; and I found, by the 
teft of nitrous air, that the air in which the 
experiment was performed was confiderably 
injured, being not nearly fo much affected by 
‘nitrous air as common air Is. 


As common air contains a confiderable pro- 
portion of fixed air, I was defirous, from the 
time that I began my experiments on air, to 
extract the fixed air from a given quantity of 
atmofpherical air, to fee what it would be when 
deprived of that ingredient. I had found,-in- 
deed, that fixed air is precipitated from com- 
mon air in phlociitic procefles, and efpecially 
by the electric fpark ; but this is a complex 
procefs ; for at the fame time that fixed air is 
difcharged, phlogitton is received by the air, 
But nothing that I have yet thought of has fuc- 
ceeded fimply to extract the fixed air, 


As quicklime has a great affinity with fixed 
air, I thought it poffible that confining a large 
quantity of quicklime in a {mall quantity of 
air might, in time, produce fome effect of this 
kind; but the experiment did not anfwer, 
though I crowded a great number of imall 
pieces of the belt quickh Heth aay could procure, 

inte 
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intoa phial, which I left inverted ina bafon of 
guickfilver a whole week, It did not appear 
that the inclofed air was at all fenfibly affected. 
Had it been fo in the fmalleft degree, I fhould 
have repected the procefs, and have allowed it 
more time, 


Having difcovered that vegetation reftores, 
to a confiderable degree of purity, air that had 
been injured by refpiration or putrefaétion ; 
- and alfo that agitation in ‘water produces the 
fame effect, I conjectured that the phlogittic 
matter, abforbed by the water, might be im- 
bibed by plants, as well as form other combi- 
nations with fub{tances under the water. A 
curious fact, which has fince been communi- 
cated to me, very much favours this fuppo- 
fition. 


Mr. Garrick was fo obliging as to give me 
the firft intimation of it, and Mr. Walker, 
the ingenious author of a late Englifh Didction- 
ary, from whom he received the account, was 
pleafed to take fome pains in making farther 
inquiries into it for my ufe. He informed 
me that Mr. Bremner, who keeps a mufic-fhop 
oppofite to Somerfet-houfe, was at Harwich, 
waiting for the packet; and obferved that a 
refervoir at the principal inn was very foul on 
the fides. This made him afk the inn-keeper ° 
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why he did not clean it out; who immediately © 
an{wered, that he had done fo once, but would 
not any more; for that after cleanfing the re- 
fervoir, the water which was caught in it grew 
fetid, and unfit for ufe; and that it did not re- 
cover its fweetnefs till the fides and bottom of 
the refervoir grew very foul again. Mr. Wal- 
ker queftioned Mr. Bremner, whether there 
were any vegetables growing at the fides and 
bottom of it; but of this he could not be po- 
fitive. However, as he faid it was covered 
with a green fubfiance, which is known to be ve- 
vetable matter (and indeed nothing elfe could 
well adhere to the fides, as well as to the bot- 
tom of the refervoir) I think it will be deemed 
probable, that it was this vegetating matter 
that preferved the water fweet, imbibing the 
phlogiftic matter that was difcharged in its ten- 
dency to putrefaction. 


I fhall be happy, if the mention of this faét 
fhould excite an attention to things of this na- 
ture. ‘Trifling as they feem to be, they have, 
in a philofophical view, the greateft dignity 
and importance; ferving to explain fome of 
the moft ftriking phenomena in nature, refpect- 
ing the general plan and conftitution of the 
fyitem, and the relation that one part of it bears 
to another, 
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SECTION XL. 
Of the Fluor Acid Air. 


The philofophical part of the world have, 
of late, been highly eratified by the difcovery 
of what was imagined to be a new mineral acid, 
contained in a fubftance which the chymifts 
diftinguifh by the name of fluor, but many 
of my readers will underftand me better, when 
I inform them, that it 1s of that fpecies of fub- 
ftance, which, with us, is called the Derby/ire 
fpar , and of which, at prefent, vafes and other 
ornaments for chimnies, are ufually made. The 
acid is expelled from this fubftance by oil of 
vitriol, and has peculiar properties, as remark- 
able as any of the other three mineral acids 
which we were acquainted with before. 


This curious difcovery was made by Mr. 
Scheele, a Swede; from which circumftance the 
acid is often diftinguifhed by the name of the 
Swedifb acid. Tis method of operating upon 
this fubftance, and likewife that of all who 
have fucceeded him in the inquiry, was to dif- 
til it in glafs-veffels, as in the procefs of mak- 
ing fpirit of nitre from falt-petre, and the 
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moft remarkable facts that have been obferved 
concerning it are, that the veffels in which the 
diftillation is made are apt to be corroded; fo 
that holes will be made quite through them ; 
and that when there is water in the recipient, 

the furface of it will be covered with a cruft, 
of a friable ftony matter. 


This cruft, which I fhall-diftinguifh ios the 
name of the fluor cruft, Mr. Scheele fuppofed 
to be quartz ; and therefore concluded that this 
acid and water were the conftituent parts of 
that foffil. On the other hand, Mr. Boulan- 
ger, who has taken a great deal of pains with 
this fubject, is of opinion that this new acid 
is only the acid of falt, combined with an earthy 
fub{tance. For this opinion he advances va- 
rious reafons ; but does not pretend to be able 
to produce any decifive proof. The refult of 
_ my own experiments, I think, clearly prove, 
that the fluor acid is the acid of vitriol, charged 
with fo much phlogifton as is neceffary to its 
taking the form of air, and alfo with much of 
the earthy matter of the f{par. tere 


As foon as I had exhibited one of the acids 
in the form of azr, I had no doubt but that ali 
the acids might be exhibited in the fame man+ 
ner, and this among the reft ; but I imagined 
that I fhould find great difficulty i in procuring 

the 
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the foffil that contains it; fuppofing that it had 
only been found in Sweden, and I fhould pro- 
bably have continued in this incapacity for mak- 
ing the following experiments, had I not been 
relieved by Mr. Woulfe, who, upon my in- 
quiry concerning it, not only explained to me 
what the fubftance was, but immediately fur- 
nifhed me with a quantity of feveral kinds of 
it, fufficient for my purpofe. That with which 
my firft.experiments were made, was that which | 
he called the white phofphoric {par, from Saxony x 
but afterwards | made ule of the Derbyfhire 
{par ; and the pieces that I had by me were 
partly white, or yellowifh, and partly purple. 


All my advantage in the inveftication of 
this fubject, has arifen from my peculiar man- 
ner.‘of conducting the, experiments. For, by 
exhibiting. the deidccin the form of air, free 
from all “moifture, I had an opportunity of 
examining its nature and affinities with the 
greateft. eafe and certainty. In this manner 
alfo, this fpecies of air exhibits a variety of 
ftriking phenomena, which cannot be produced 
in. any other manner, oF bp ghidtis upon it. 


When I began tinh experiments, I Fst 
the directions given by thofe who had gone be- 
fore me in the ‘invettigation of this fubjeét, and 
who had procured the acid in the common me- 
thod 
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thod of diftillation, pounding the fluor (whiclt 
I afterwards found not to be neceffary) and 
pouring oil of vitriol upon it. This I did in 
a phial, to which was fitted a ground-ftopple 
and tube, and immediately found, that, at 
firft, without any heat, and afterwards with a 
very {mall degree of it, air was produced in 
great plenty, perfectly tranfparent, and con- 
fined by quickfilver, like the other acid airs. 
The vapour, as it iffued out of the tube into 
the open air, formed a permanent white cloud ; 
no doubt, by attaching to itfelf the water that 
floated in the atmofphere, and the fmell of it 
was extremely pungent. 


I had no fooner produced this new kind of 
air, but 1 was eager to fee the effect it would 
have on water, and to produce the ftony 
cruft formed: by their union, as defcribed. by 
_ Mr. Scheele; and I was not difappointed in my 
expectations. The moment the water came 
into contact with this air, the furface of it be- 
came white and opake, by a /fozy film, which, 
forming a feparation between the air above, 
and the water below it, confiderably retarded 
the afcent of the water, till the air, infinuat- 
ing itfelf through the pores and cracks of this 
cruft, the water neceffarily rofe as the air di-~ 
_ minifhed, and breaking the cruft, prefented a 
new furface of water, which, like the former, 
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was inftantly covered with a frefh cruft. Thus 
was one ftony incruftation formed after an- 
other, till every particle of the air was united 
to the water, and the different films being col- 
leéted, and dried, formed a white powdery 
fubftance, generally a little acid to the tafte , 
but when wafhed in much pure water, was per- | 


feétly infipid. 


Few plilofophical experiments exhibit a 
more pleafing appearance than this, which can 
only be made, by firft producing the air con- 
fined by quickfilver, and then admitting a large 
body of water to it. Moft perfons to whom 
I have fhewn the experiment have been ex- 
ceedingly ftruck with it. It is exhibited to the 
moft advantage, when the veffel that contains | 
the air is pretty wide, by which I mean about 
an inch in diameter. In this cafe the cruft 
will often crack in the middle, and a fmall 
jet of water rufhing through the fiffure, will, 
to appearance, be inftantly converted into this 
ftony fubftance, and look like a puff of white | 
powder, rifing fometimes an inch or two up 
into the air. Alfo the cryftallizations, formed 
on the fides of the veffel, as the water rifes in 
it, make a very beautifui appearance. 


The union of this acid air and water may 
alfo be exhibited in another manner, which, 
4 to 
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to fome perfons, makes a ftill more ftriking 
experiment, viz. by admitting the air, as faft 
as it 1s generated, to. a large body of water 
refling on quickfilver, inftead of birorueing 
the water to the air previoufly Esme d 


For this purpofe, I ufually put two or three 
ounce-meafures of water into a tall cylindrical 
jar, about an inch in diameter (fuch as thofe . 
which I generally ufe as recipients of thofe 
kinds of air that muft be confined. by quick- 
filver) and filling the remainder of the veffel 
with quickfilver, I place it inverted in a ba- 
fon containing a quantity of the fame fluid, 
fo that the water, immediately rifing to the top, 
occupies the upper part of the veffel, while the 
quick filver occupies the lower part. I then 
introduce under it the end of the tube pro; | 
ceeding from the phial, which, contains the 
materials for generating this air. It is, then, 
very pleafing to obferve, that the moment any 
bubble of air, after paffing through the quick- 
filver, reaches the water, it 1s inftantly, as. it 
were, converted into a ftone; but continuing 
hollow for a fhort fpace of time, scneialy rifes 
to the top of the water, in the form of a bubble, 
or a.thin white film. _ If the fucceffion of bub- 
bles be rapid, and they rife freely to the top — 
of the veffel, through a large bedy, of. clea 
water (which, however, is not always the cafe, 
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as they will fometimes adhere to the upper fur- 
. face of the quickfilver) I have met with few 
perfons who are foon weary of looking at it; 
and fome could fit by it almoft a whole hour, 
and be agreeably amufed all the time. 


Every bubble of air, coming into contact 
with the water on every fide at once, is like:a 
bladder, being hollow within, but this flight 
cruft foon burfting, the fides collapie, and it 
rifes to the top of the veffel, in the form of a 
piece of thin white gauze ; but the water foon 
penetrating every part of it, the whole mafs of 
thefe films becomes in a little time like a jelly, 
which continually thickens by the acceffion of 
more films, till at length the whole body of 
water feems to become folid;, fo that, being 
fully faturated, efpecially at the lower part, 
the air, finding no more moifture within its 
reach, will fill all the lower part of the veffel, 
expelling the quickfilver, while the water, in 
the form of a ftiff jelly, occupies all the upper 
part of the veffel. 


As, for the purpofes to be mentioned here- 
after, I have repeated this experiment a great 
number of times, I have had an opportunity 
of obferving a very great variety in the ap- 
pearances which it exhibits. One is peculi- 


arly pleafing, but not very common. A large 
Oe bubble 
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bubble of air will fometimes adhere, by its 
lower part, to the furface of the quickfilver ; 
and another bubble, rifing in the fame place, 
before the lower part of the former has been 
clofed, pufhes out the upper part of it, and 
advancing farther into the water, extends the 
bubble in length: another follows, and does 
the fame, till at length a tube is formed (the 
fides alfo growing thicker continually) extend- 
ing from the quickfilver, to the top of the wa- 
ter. JI have feen of them four inches in length ; 
and others being formed clofe to them, the 
whole veffel has been almoft filled with thefe 
tubes, adhering to one another, of different 
lengths, and not much unlike the appearance 
of the pipes that are placed in the front of an 
organ. | 


In lefs than an hour, I have frequently con- 
verted two or three Gunce-meatures of water 
into this folid mafs. When this is taken out 
of the vefiel, and preffed, it will be found to 
contain a great deal of an acid liquor; the 
water impregnated with the acid having been 
intangled in the interftices of the jelly, out of 
the reach of the air: and if this liquor be ufed 
in another procefs, inftead of pure water, more 
of it will feem to become folid, and the acid 
liquor will be concentrated every time. 
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By the repetition of this procefs, an acid 
liquor may be procured of a very confiderable 
degree of ftrength. There feems, however, 
to be a limit to its ftrength; for the acid is 
exceedingly volatile, as is evident from its ex- 
tremely pungent fmell; fo that I have thought 
that I gained nothing by repeating the procefs 
more than eight or ten times; becaufe it was 
impoffible to tramsfer the water from one veffel 
to another, but more acid would be loft by 
evaporation, than would be acquired by an- 
other impregnation with the acid air. 


Thefe appearances I explain, by fuppofing 
that the vitriolic acid, in uniting with the fpar, 
is in part volatilized, by means of fome phlo- 
cifton contained in it, fo as to form a vitriolic 
acid air; and that there is alfo.combined with 
this air, a portion of the folid earthy part of 
the fpar, which continues in a ftate of folution, 
till, coming into contaét with the water, the 
fluid unites with the acid, and the earth is 
precipitated. The reafons on which I found 
this opinion will appear in due time; but to 
make my reader follow me, ftep by ftep, in 
my analytical progrefs, I muft firft acquaint 
him with the obfervations I made upon this 
acid air, in its compound ftate, before the 
{tony matter was feparated from it. For this 
union makes it quite another thing, giving it 

ere peculiar 
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peculiar properties, which are not to be dif 
covered in the pure acid air, divefted of that — 
{tony matter; and therefore, though it be a 
compound, and may-.be analyzed into its con- 
fituent parts, it is fufficiently intitled to a 
peculiar appellation, viz. that of the Fluor acid 
air. 


Before I proceed to relaterany of the expe- 
riments which I made with this acid: air, I 
fhall give a few direftions and precautions, 
which may be ufeful to perfons on their firft 
entrance upon this courte. 


1. The tube through which this acid va- 
pour is conveyed fhould not be very narrow, 
becaufe it is apt to be furred up, efpecially 
when any phial, containing materials for the 
production of this air, has been ufed fome 
time, and with a good deal of heat; owing, 
{ fuppofe, tothe hot air retaining in folution 
more of the ftony matter than it can do when 
it is cold, and therefore depofiting it as it is 
conveyed through the tube. 


2. | began thefe experiments with phials 
which had ground-ftopples and tubes, but 


foon found that it was too expenfive a mode 


of experimenting with this kind of air; for 
sii were prefently corroded and fpoiled.  Af- 
terwards, 
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terwards, therefore, I ufed only common phials, 
but the thickeft that I could meet with; and 
{till feldom found that they would bear the ex- 
periment above an hour. Very frequently, 
~ the thickeft phials that I could get would be 
worn quite through in a quarter of an hour, 
when the heat was confiderable, and the pro- 
duction of the airrapid. This power of dif- 
folving glafs is a very remarkable property of 
this air; but it feems to poffefs it only when 
it is hot, at leaft in any confiderable degree. 


3. When I wifhed to produce this air pretty 
faft, I found it moft convenient to pound the 
fpar, and pour the oil of vitriol upon it, fill- 
ing one-fourth of the phial with the fpar, and 
leaving one-fourth of it for a fpace in which 
the bubbles might expand themfelves, and 
break, fo as not to carry any of the liquor into 
the tube. I now proceed to the particular ex- 
periments. 


Dipping a lighted candle into a veffel filled 
with the fluor acid air, it was extinguifhed 
without any particular colour of the flame, 
which is obfervable in the marine acid air, 


The mixture of any other of the acid airs, 
with alkaline air, makes fo beautiful an expe- 
riment, that it was naturally one of the firft 
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experiments I thought of making with this 
new acid air. Accordingly, I got the appear- 
ance that I had expected ; 7 white cloud be- 
ing formed by the union of thefe two kinds of 
air. But the alkaline air did not mix fo rea- 
dily with this as with the other kinds of acid 
air; and which furprized me much at the time, 
the falt formed by the union of thefe two kinds 
of air was not foluble, either in water or fpirit 


of wine. But, in fact, the proper /a/¢ formed 


by the union of thefe kinds of air was, no 
doubt, diffolved in the water ; that which re- 
mained undiffolved being, as I conjecture, the 
frony fubftance only einich had been held in {o- 
lution in the acid air. ‘This ftony fubftance, 
being mixed with the acid air, 1s alfo probably 
the reafon why the alkaline air does not nux 
fo readily with it as with the other kinds of 
acid air; fome time being requifite to difen- 
gaoe it from this ftony fubftance, in order to 
its uniting with the alkaline air. < 


Nitrous air, mixed with this acid air, had no 
fenfible effet upon it. Water abforbed the 
acid air, and left the nitrous air ive of 
its pécutiar properties. 


| Having afcertained the effect of water upon 
this acid air, I proceeded to try other fluid /ub- 


frances. 


Spirit 


J 
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Spirit of wine imbibed this air as readily as 
water, but continued as limpid as ever; and 
when faturated with it, feemed to be no lefs 
inflammable than before. 


Oil of turpentine, did not imbibe any of this 
air. 


Vitriolic ether imbibed about twenty times 
its own bulk of it; but was not fenfibly chan- 
ged by the impregnation. The cafe was the 
fame with nitrous ether. But the firft time that 
I made the experiment with nitrous ether, I 
imagine a little water was mixed with it (as 


_ much as thofe fubftances are capable of being 


mixed) for it coagulated as water had done, 
remaining in the middle of the tube, the 
acid air being both above and below it. This 
mafs of coagulated matter; which in colour 
and confiftence refembled a ane jelly, being 
taken out of the veffel, did not take fire at 
the approach of a candle; but when it had 
been expofed to the air about half a minute, 
it grew hot, threw out a grofs f{moke, and was 
prefently all evaporated, Part, however, of 
the fame mafs, which had been dipped in wa- 
ter, did not grow hot, or evaporate, in the 
open air; and when expofed to the fire, it 
burned to a white powdery fubftance. I ima- 
gine this effect to have been owing to a mix- 

2 ture, 
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$ 
ture of water ; becaufe, with pure nitrous ether, 


I could not get another appearance of the | 
kind. 


' Of folid fubftances, 1 found that this air had 
no effect upon brimftone, common falt, fal am- 
moniac, iron, liver of fulphur, Or gum- -lac. 


Charcoal abforbed the whole of a quantity 
of this air, and contra¢ted from it a ftrong 
pungent frie. The rut of iron allo abforbed 
it in like manner. 


fllum abforbed this air pretty faft, the fur- 
face of it being rendered white and opake. 
When it was taken out of the air, it looked 
moift, and was incapable of the operation of 
roafting, like that which had been expofed to 
alkaline air. This air having, no doubt, like 
the other, feized upon the water which enters 
into the compofition of alum. 


Quicklime and chalk, both abforbed a little of 
this acid air; but the refult was, in no refpect, 
remarkable. ‘The latter had been diffolved by 
it, and had produced a quantity of fixed air, 
precipitating lime in lime-water. 


In order to judge whether there was any foun- 
dation for the opinion of Mr. Boulanger, of this 
acid 


* 


Of the Fluor Acid Air. 20% 


acid being the fame with the marine, I put to 
jt a piece of falt-petre, which I have obferved 
to be readily diffolved in the marine acid air, 
and I muft own that appearances fo much fa- 
voured his opinion, that I was at that time 
yery much inclined to adopt it. 


When the falt-petre had been for fome time 
furrounded with this air, the air began to be 
diminifhed, and the infide of the veffel was 
filled with red fumes, which continued about 
a week, the quickfilver rifing all the time, 
till only one-tenth of the air pétnainedl, and 
the infide of the veffel was covered with a 
whitish, probably a faline fubftance, produced 
by the foliation of mercury. After this, the 
air becoming tranf{parent, I examined it, and 
found it neither to affect common air, nor to 
be affected by nitrous air, and to extinguith a 
candle, Alfo, about one-fourth of it was 
readily abforbed by water, and made lime- 
water turbid; fo that, contrary to my expec- 
tation, a great part of the air muft have been 
fixed air, and not nitrous. This ex xperiment 
I did not repeat ; but it feems to exhibit a fact 
deferving particular attention, in the invefti- 
gation of the nature of fixed air. 


I thought it might poffibly contribute to de- — 


cide the queftion concerning the identity of 
this 
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this acid and the marine, if I put a quantity 
of the fluor cruft to marine acid air; thinking 
that they might form an union, and conftitute 
this fluor acid air: and, indeed, fomething 
fimilar to it was by this means produced; fo 
that another cruft was formed upon the admif- 
fion of water to it; but, in other refpects, 
feveral circumftances, which I cannot explain, 
attended the experiments. They were as fol. 
lows. | 


To about two ounce-meafures of marine acid 
air { put about a quarter of a grain of the 
fluor cruft, and in about three days it had ab- 
forbed about half an ounce meafure of the air. 
Water being then admitted to it, left a quarter 


of an ounce-meafure of air unabforbed. 


Afterwards I conveyed marine acid air toa 
pretty large quantity of the fluor cruit, con- 


fined by quickfilver; and, as the air was im- 


bibed, I continued to throw up more, till, af- 
ter three or four days, that fubftance feemed to 
be fully faturated with the air. Then admit- . 
ting water to it, it was abforbed exactly like 


the fluor acid air: but I could not, at that 


time, very well diftinguifh the cruft on the top 
of it, on account of the jar being almoft filled 
with the crufl, and part of it floating on the top 
of the water. About three-fourths of this air 
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was abforbed by the water ; but what I thought 
very remarkable, air kept iffuing from this 
fluor-cruft, in large bubbles, till the quantity 
of air was doubled, and the jar was half-filled 
with it. This air neither affected common 
air, nor was affected by nitrous air, and it ex- 
tinguifhed a candle. 


I repeated the experiment, with this only 
difference, that I admitted water to the air as 
{gon as the fluor-cruft feemed to be faturated ; 
when the experiment being made in a wide 
jar, the cruft on the furface of the water was 
as vifible as in the experiment with the fluor 
acid air itfelf. At this time,- however, there 
was no generation of air from the faturated 
cruft,, as before, but a confiderable quantity 
of air, unabforbed by water, though I took 
care that the marine acid air was as pure as I 
could procure it, 


Having a quantity of*the fluor-cruft fatu- 
rated with marine acid air, 1 had the curiofity 
to pour fome oil of vitriol upon it, in order to 
try whether the produce would be pure marine 
acid air, or a mixture of the two; and the lat- 
ter feemed to be the cafe, though I think the 
marine acid prevailed in the mixture. 


In 
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In this procefs air was produced in “great 
ai and the bubbles burft in the receiver 
with a white cloud; but when water was ad- 
mitted to it, it was abforbed without any cruft 
being formed upon its furface. In twenty-four 
hours a piece of falt-petre turned yellow in this 
air, and abforbed about half an ounce-meafure 
of it. What remained unabforbed by water, 
was exceedingly ftrone nitrous air, the fpirit 
of nitre having been fet loofe from the falt- 
petre by the marine acid air, and et dif- 
folved the quick filver. 


A piece of Jerax, in about a fortnight, ab- 
forbed about two ounce-meafures of this air, 
without leaving any refiduum not abforbed by 
water. The furface of the borax was become 
foft,; but by wafhing it in water, the foft part 
was eafily feparated from the reft. 


At the very beginning of my inveftigation 
of this fubject, I had a fufpicion that this new 
acid air might poffibly be the vitriolic acid air, 
loaded with the {parry cruft; but not fucceed- 
ing in the experiments which I thought muft 
have decided the queftion, I quitted that hy-- 
pothefis for fome time. The experiments were 
thefe. i 


1 threw 
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I threw the focus of a burning lens. upon 
{ome pieces of the fpar in vitriolic acid air, con- 
fined by quickfilver; thinking, that when it 
was hot, it might diffolve fome part of it, and 
thereby become the fame thing with the fluor 
acid air. But though I continued this opera- 
tion till the fpar fmoked, and filled the veffel 
with a white fume, there was neither any ad- 
dition made to the quantity of air, nor any 
change produced in the quality of it. When 
water was admited to it, no cruit, as I had 
expected, was formed on the furface of it, 


In order to try whether the fluor cruft was 
the fame thing with the fpar, from which it 
had been produced, I cot a quantity of it, and 
treated it in the fame manner as I had treated 
the fpar, pouring oil of vitriol upon it, and 
endeavouring to expel air from it. I prefently 
found, indeed, that it yielded great plenty of 
air; but not finding it to be the thing I was 
then i in queft of, viz. an acid air, by means of 


which a cruft would be formed on the furface 


of the water admitted to it, I neglected to give 
{ufficient attention to it, or I might have been 
led to fufpect that this fluor-cruft, like the 
fluor itfelf, contains fo much phlogifton, as, 
by incorporating with the oil of vitriol, to en- 
able it to aflume the form of air, and become 
the vitriolic acid air ; though the earthy matter, 

not 
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not incorporating with it, it could not become 
the fluor acid ‘air. 


Water admitted to this acid air, procured 
from the fluor-ctuft by oil of vitriol, abforbed 
it all, but without having any cruft upon its 
furface. 


_ Alkaline air united with the whole of this 
acid air, forming with it a white faline fub- 
ftance; and part of the infide of the tube in 
which the mixture was made, was tinged with 
a deep yellow, or orange-colour, which difap- 
peared after a few hours expofure to the open. 
air. This I have obferved to be the cafe with 
the vitriolic acid air. 


This air did not at all affect falt-petre or 
borax. “ae 


Had I, however, profecuted thefe experi- 
ments farther, and have found, as, I doubt 
not, I fhould have done, that this acid air, 
procured by oil of vitriol from the fluor-cruit, 
was genuine vitriolic acid air, it would have 
proved no more than that this fiuor-cruft con- 
tains phlogifton, and in fuch a ftate as to com- 
bine with oil of vitriol by heat, and enable it 
to take the form of air. They would not have 
proved, that the air procured from the ae 
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itfelf was of that nature: for it might have 
been faid, that the peculiar acid of the fluor 


had been expelled before. . 
To make the experimentum crucis in this cafe, i 
I faturated a quantity of water with the fluor 


acid air, preffing out the ftony matter with 
which it was filled at each procefs, and 1m- 
preenating it over and over again. When 
it appeared to be fufficiently impregnated for 
my purpofe, i put the liquor into a phial, 
furnifhed with a proper tube and recipient, 
fuch as is reprefented plate II. fig. 8. vol. I. 
‘to receive any of the watery part that might 
be expelled by heat; and applying the flame 
of a candle, I prefently got from it great 
plenty of air ; which, by every teft that 1 could 
think of applying, appeared to have the very 
fame properties with the vitriolic acid air, of 
which an account was given in the firft fec- 
tion of this volume. 


The air thus expelled from this acid liquor 
was abforbed by water, without any cruft on 
the furface of it. 


When alkaline air was admitted to it, the 
fides of the vefiel were tinged with the orange- 
colour mentioned above, which vanifhed in 
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about.an hour after it had been expofed to the 
Qpen air. 


This air had no effect upon falt-petre; a 
piece of which continued in it about a fort- 
night; nor yet upon brimpione, alum, or fal- 
AMMONIAC. 


Liver of fulpbur abforbed it, without under- 
going any-fenfible change. 


This air extinguifhed a candle, without any 
particular colour of the flame. 


Camphor was diffolved in this air, exactly 
ag it is in vitriolic acid air. 


In thefe properties this acid air will be 
found, by comparifon, to agree with the vitrio= 
lic acid air; as alfo in the two following, 
which, as far as I know, are peculiar to this 
fpecies of air. 


Phlogifton, as I have obferved, is.contained 
in vitriclic acid air, and in fuch a manner as 
to be communicated by it to the common air 
with which it is mixed, and thereby to phlo- 
gifticate or injure it. And an equal quantity 
of this acid air, and common air, having been 
mixed, and left together twenty-four hours, 
the common air appeared to be fo far injured, 

I that 
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that two meafures of it, and one of nitrous 
air, occupied the fpace of fomething more than 
two meatfures. | 


The eleéric fpark has a very remarkable 
effect upon the vitriolic acid air, or rather 
upon the glafs-tube in which the experiment 
is made, as will be particularly noted hereafter ; 
for a fingle explofion covers all the infide fur- 
face with a deep brown or black matter, and 
the glafs grows more opake every ftroke. This ° 
very fingular and {ftriking effect has the electric 
fpark taken in the air expelled from this acid 
liquor. | 


- After I had made, this experiment, I had no 
doubt, but that thefe two kinds of air, viz. the 
vitriolic acid and the fluor acid, are, in reality, 
the fame. It is poffible, however, that there 
may be fome fmall difference between them, 
in confequence of the air from this acid liquor 
{till containing fome portion of the earth of 
the fpar. I conjecture that it does; becaufe, 
towards the end of the experiment, when the 
liquor was made to boil with violence, the in- 
fide of the tube immediately connected with it, — 
was filled with a ftony matter. It happened - 
twice in the courfe of the above mentioned ex- 
periments, that the tube was quite {topped up 
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by this means, fo as to caufe the explofion of 
the phial. 


Laftly, I would obferve, that the taffe of 
this acid liquor affords a ftrone prefumption, 
that the acid which enters into it is the vitrio-- 

c; for it has exactly the aftringency of alum. 


That the fluor contains phiogifton, is evi- 
dent, from the attempts that I made to procure 
dephlogifticated air from it, by means of {pi- 
rit of nitre; for the air that I sot from it was 
always phlogifticated, and fometimes even ni- 
trous. 


At firft I made this experiment by putting 
the materials into a phial with a ground-{ftopple 
and tube, and applying the heat of a candle 
only. The air I got in this manner neither af- 
fected common air, nor was affected by nitrous 
air, Ithen put the fame apparatus into a cru- 
cible,; and, with a ftrong fand-heat, I got from 
it about two ounce-meafures of air, in four 
portions. The firft of thefe was exactly like 
the preceding, being phlogifticated air; the 
fecond made hme-water turbid, and a great 
part of it was readily abforbed by water: the 
third and fourth portions were very ftrong ni- 
trous air. oon ; 


This 
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This experiment was made with the whitifh 
part of this fpar, which therefore probably 
contains the leaft phlogifton. That phlogif- 
ton which contributes to the colour of this fof- 
fil, I found, .by the following obfervation, to 
be of a very volatile nature. When the co- 
floured fpar is diffolved in oil of vitriol, the 
fluor-cruft, colleéted in the water, has the 
fame colour; but when it is dried near the 
fire, the colour vanifhes, and the whole be- 
comes white: yet this white cruft, heated again 
in oil of vitriol, contains, as was obferved be- 
fore, fo much phlogifton, as to convert oil of 
vitriol into vitriolic acid air. 


The air expelled from this a¢id liquor did 
not diffolve the flwor-cruft that was expofed to 
it. A quantity of it remained in this fituation 
feveral days, without affecting it, or being af- 
fected: by it. I had imagined that it might 
have been diffolved by this air, and have con- 
verted it into the fluor acid air, 


Oil of turpentine abforbed about ten times 
its bulk of this air, and became of an orange- 
colour. After this impregnation it had a pun- 
gent acid fmell, together with its own. I ob- 
ferved nothing farther refpecting it. | 


Pa Reflecting 
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RefileCting upon the phofphoric property of 
the fpar, by means of which I had procured 
this acid air, I thought it was poflible. that 
its property of enabling oil of vitriol to yield 
this, air, might be common to it with other 
fimilar phofphoric fubftances, depending upon 
that combination of phlogifton which enables 
_ them to imbibe and emit light. | 


In order to afcertain this, with refpect to one 
other fubftance of this kind, I made a quan- 
tity of Mr. Canton’s phofpborus, and pouring 
upon it fome oil of vitriol, I got air that was 
readily abforbed by water, and with a cruft 
upon its furface, exactly like that which 1s 
procured from the fluor, only not in fo great 
a quantity. The effervefcence between this 
fubftance and the oil of vitriol was very great, 
and alfo the..heat. occafioned by it; and the 
vapour efcaping into the common air, was 
white and denfe, pase like the vapour of the 
fluor acid. 


I fhall conclude this fection with obferving, 
that the oil of vitriol in which the fluor is dif- 
folved, becomes thick, like ice, exadtly like 
the oil of vitriol in which quicklime has been 


boiled, as will be particularly noticed here- 
after, 
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Experiments and Obfervations relating to F IXED 
AIR. 


Fixed air was the firft fpecies of air that was 
difcovered, diftiné& from common air; much 
has been done towards the inveftigation of its 
properties, and feveral capital ufes have been 
made of it. There is ftill, however, great 
difference of opinion among philofophers con- 
cerning it; and, in a variety of refpects, 
much remains to be done.towards compleat- 
ing our knowledge of it, and efpecially of its 
relation to the other acids with which we are 
acquainted. I cannot fay that I have, of late, 
given much attention to this kind of air; but 
feveral things have occurred to me in the courfe 
of the experiments already recited, and others, 
which tend to throw a little light upon the 
fubje&t ; and a few more obfervations and ex- 
periments, not connected with them, I have 
referved for this feparate fection. 

Having been informed by a correfpondent 
in Italy, that air, expelled from lime-ftone, 
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by means of heat, would not acidulate water ; 
from which he concluded that its acidity, and 
_even its fubftance, was derived fram the oil of 
vitriol employed in the production of it: I 
filled a tall glafs-veffel, reprefented fig. d, with 
powdered chalk, and with a ftrong fand-heat, 
expelled from it a confiderable quantity of air, 
which appeared to me to be abforbed by water, 
exactly like fixed air; the ufual proportion 
only remaining unabforbed. It alfo precipi- 
tated lime in lime-water ; fo that without im- 
pregnating water with it, fo as to tafte of it, I 
entertained no doubt of its being genuine fixed 
air, and haying all the properties of the air 
ee is expelled from chalk by oil of vitriol. 
Mr. Bewley$ as the reader will fee in my Ap- 
aoa alfo found that fixed air, procured by 
means of heat ones changed the blue colour of 
water (tinved with the juice of turnfole) to — 
Per. - 


Air from wood and charcoal, alfo, is un- 
doubtedly fixed air, though no acid be em- 
ployed to expel it, and it be mixed with in- 
flammable air. I received air, expelled by 
heat, from two ounce-meafures of charcoal in 
a tall glafs-vefiel, fic. d, in three parts, each 
containing about a pint; and obferved, that 
in every part of the procefs the air made lime- 
water turbid. But there was more fixed air in 

the 
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the firft portion than afterwards; for about 
one-fourth only of the firft portion remained . 
unabforbed by water; but of the fecond and 
third portions one-half nearly was unab- 
forbed. The refiduum was inflammable. 


When heat can expel no more fixed air from 
charcoal, it fhould feem that fpirit of nitre (if 
this acid itfelf be not converted into fixed air) 
can extract more from it. For when I dif- 
' folved, in fpirit of nitre, fome pieces of char- 
coal, which had been made with the ftrongeft 
heat of a fimith’s fire, long continued, fo that 
no more air could be expelled from them by 
that means; part of it was evidently fixed air, 
as appeared. by its precipitating lime in lime- 
water. 


There are few fubftances in nature that do 
not contain fixed air, difcoverable either by 
heat, or by iome ftronger acid. In general, 
acids will deteét fixed air more readily than | 
heat; but this is not the cafe with refpect to 
clay, except when it is ftrongly heated in fpirit 
of nitre; for it makes no effervefcence upon 
being mixed with any of the acids: but a de- 
gree of heat fufficient to bake the clay, evi- 
dently expels fixed air from it. In order to 
afcertain this faét, I filled a gun-barrel with 
tobacco-pipe clay, and, putting it into the 
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fire, I received the air that came from it, in 
feveral portions; but the whole was not more 
than about five times. the bulk of the clay. 
The firft produce was inflammable ; but after- 
wards the air was fixed, precipitating lime in 
lime-water, and being readily abforbed by wa- 
ter. Inever met with purer fixed air, but I 
had no fufpicion of this at the time that I pro- 
cured dephlogifticated air, mixed with fixed 
air, from clay made into a pafte with fpirit 
of nitre. | 


It might be queftioned, whether the fixed 
air contained in our aliments, can be conveyed 
by the courfe of circulation into the blood, and 
by that means impregnate the urine. I have 
found, however, that it may do it; having 
more than once expelled from a quantity of 
frefh-made urine, by means of heat, about 
one-fifth of its bulk of pure fixed air, as ap- 
peared by its precipitating lime in lime-water, © 
and being almoft wholly abforbed by water ; 
and yet a very good air-pump did not difcover 
that it contained any air atall, _ 


It muft be obferved, however, that it re- 
quired feveral hours to expel this air by heat; | 
and after the procefs, there was a confiderable 
whitifh fediment at the bottom of the veffel. 
This was, probably, fome calcareoys matter 
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with which the fixed air had been united; and 
by this fixed air, the calcareous matter, which 
would otherwife have formed a ftone or gravel, 
may have been held in folution ; and therefore, 
drinking water impregnated with fixed air, may, 
by impregnating the urine, enable it to diffolve 
calcareous matters better than it would other- 
wife have done, and may therefore be a means 
_of preventing or diffolving the ftene in the 
bladder, agreeable to the propofal of my friend 
Dr. Percival; for which fee the Appendix. 


That fixed air is always contained in com- 
mon air, is evident from many obfervations, 
and efpecially from the precipitation of it by 
means of nitrous air, the electric fpark, and 
other phlogiftic procefies. It is likewife con- 
tained in the pureft dephlogifticated air, as ap- 
pears by mixing nitrous air with it in lime- 
water, which is thereby rendered flightly tur- 
bid. It has alfo been feen, that when dephlo- 
eifticated air is firft procured, by any procefs — 
whatever, there is always a confiderable quan- 
tity of fixed air mixed with it. There is the 
leaft when it is got from mercurius calcinatus 
per fe; but I~have always found fome when. 
the air was expelled from this fubftance by 
a burning lens, either in quickfilver, or iz 
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In the former volume I have faid, that when 
nitrous air is mixed with common air that had 
been injured by fome phlogiftic procefs, and 
reftored by agitation in water, there was no 
precipitation of fixed air, but this muft have 
been a miftake: for I have fince repeated that 
experiment with the greateft care, and find a 
contrary refult; and I have ufed every precau- 
tion that I could think of, in order to guard 
againft a miftake in the procefs; particularly, © 
left the air upon which I was operating fhould 
receive a mixture of any other kind of air from 
the water in which it was agitated, I previoufly 
boiled the water for feveral hours, in order to 
expel all its own air from it. 


Having done this, I obferved that, irnmedi. 
ately after the reftoration of the noxious air by 
agitation in this water, it always made lime- 
water flightly turbid ; but this was not the cafe, 
after pafling two or three times through the 
lime-water. When it was, by this means, in- 
tirely purged of fixed air, I admitted nitrous 
air to it in lime-water, and there was a very 
evident precipitation of lime, quite as much 
as when nitrous air is mixed with common air 
that has not been injured at all. 


It is not eafy to fay whence this fixed air 


could come. If all the fixed air had been dif- 
| charged 
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charged by the firft phlogiftic procefs, that 
which appeared in the fecond mutt either have 
come from the water, though it had been boiled, 
which I do not think probable, or from the © 
nitrous air, which, though it be inexplicable, 


is perhaps lefs improbable upon the whole. 


Mr. Cavendifh obferved, that a certain 
portion of fixed air is no more liable to be ab- 
forbed by water than common air. This, he. 
ftates at about one-fixtieth part of the whole. — 
I had the curiofity to try, whether, if I fatu- 
rated a quantity of water with fixed air, and. 
expelled it again by heat, that very air which 
had actually been in the water, would not be 
wholly imbibed by frefh water; and whether 
I could not, by this means, get a purer kind 
of fixed air than that which is immediately 
procured by means of chalk and oil of vitriol. 
This experiment I made twice, with all the 
care that I could apply, and found, in both 
the cafes, that even the fixed air which had been 
in the water, contained as large a portion of - . 
that which would not be imbibed by water 
~ again, as the air which had been immediately 


diflodged from chalk by oil of vitriol. 


In order to be more fure of this fact, I was 
more efpecially careful, the fecond time that I 
made¢ the experiment, to ule every precaution 

2 that 
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that I could think of, in order to prevent any 
error in the conclufion. For this purpofe, I 
took rain-water, and boiled it about two hours, © 
in order to get it perfectly free from air; and 
I began to imipresnate it. with fixed air a long 
time before it was cold, and therefore before 
it could have imbibed any common air; and, 

in order to expel the air from it, I put it into 
a phial, which I plunged in a veflel of water 
fet on the fire to boil, tdking care that both 
the phial containing the impregnated water, 
and the glafs-tube through which the air was 
to be tranfmitted, were completely filled with 
the water, and no vifible particle of common . 
air lodged on the furface of it. I alfo received 
the expelled air in water, which contained very 
little air of any kind, left the very fimall de- 
cree of agitation which I made ufe of, in order 
to make the water re-imbibe the air, fhould dif- 
engage any air from it. Alfo, that lefs agita- 
-tion, and lefs time, might be fufficient, I 
ented made ufé of Hane watet for this pur- 
pote. But notwithftanding all thefe precau- 
tions, I found a very. confiderable refiduum of 
air, not lefs than Mr. Cavendifh had {ftated, 

that water would not imbibe. 


At atime when this ‘refiduum of fixed air 
hardly gave the leaft fenfible whitenefs to lime- 


water, I examined the ftate of it, and found, 
by - 
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by the teft of nitrous air, that it was very little 
worfe than common air; two meafures of this 
air, and one of nitrous air, occupying the {pace 
of two meatures only. 


This faét will be thought a pretty remark- 
able one; and I can give no fatisfactory ac- 
count of it, unlefs the following fhould be 
deemed to be fo. Fixed air, phlogifticated with 
iron-filings and brimftone, or with the electric 
{park, I have difcovered, vol. I. p. 42. to be- 
come, in a mugh greater proportion than ufu- 
al, immifcible with water ; and I therefore con- 
cluded that this acid air (for fuch fixed air evi- 
dently is) by combining with phlogifton, comes 
to be a kind of air fimilar to common air. If | 
this be.a juft account of the former experiment,. 
the fixed air in this cafe muft get phlogifton 
from the water with which it was combined, 
and thereby become, in part, immifcible with 
water. That water, even the pureft, does con- 
tain phlogifton, is, I think, evident from the 
experiments which fhew that air is injured by 
much agitation init. Or, if an earthy matter, 
and-not phlogifton, be neceffary to the coniti- 
tution of refpirable air, as, I think, appears 
from my experiments on dephlogifticated air, 
there may be enough of it held in folution in 
the pureft water, and which it may impart to 
the fixed air combined with it. 


4, All 
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All water, which has been any time expofed 
to the atmofphere, contains more or lefs air, 
part of which is, I believe, always fixed air. 
‘This abounds fo much in fome mineral waters, 
that their peculiar virtues are certainly owing 
to this ingredient in their compofition. This 
confideration has led fome perfons to afcribe 
the virtues of other mineral waters to this prin- 
ciple, th tough they contain it in fo very {mall 
a proportion, as to make that opinion very 
improbable. Some, for inftance, have thought 
that the virtues of the Bath weter were owing, 
m a great meafure, to the fixed air it contains ; 
and Reine at no great diftance from that cele- 
brated fpring, I thought I fhould incur a juft 
cenfure, if IT did not endeavour to afcertain 
what kind of air is contained in that water, 
and in what proportion. Accordingly, I made 
an excurfion as far as Bath, chiefly with that 
view, and made the following experiments, 
which, having no apparatus of my own along 
with me, I was enabled to perform by the 
friendly zeal and ingenuity of Mr. Painter ; 
Dr: Gufthart, Dr. Falconer, and Dr. Watfon 
favouring me with their prefence. 


In order to afcertain what proportion of air 
is contained in the water, in the ftate in which 
it is drank, I filled a pint-phial with water, 
hot from the pump, and expelled the air from 

it, 
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it, by boiling it about four hours, receiving 
the produce inquickfilver. This air was about 
, of the bulk of the water, and about one- 
half of it was fixed air, precipitating lime in 
lime-water, and being readily abforbed by wa- 
ter. The refiduum appeared, by the teft of 
nitrous air, to be rather, better than air in 
which a candle had burned out. 


The quantity of fixed air that appears, by 
this experiment, to be contained in the Bath- 
waters is fo very fmall, that I think it very 
improbable that their virtues fhould be at all 
owing to it. Few {pring-waters, I believe, con- 
tain much lefs fixed air, and many I know, 
which have no medicinal virtue at all, contain 
more. The pump-water belonging to the 
houfe in which I now live, contains about 
of its bulk of fixed air; and it may be feen in 
my former volume, p. 160, that my pump- 
water at Leeds contained about 5", of its bulk 
of air, of the very fame compafition as the air 
of the Bath-waters, viz. half of it fixed air, 
and. half common air a little phlogifticated, fo 
as to be in about the fame ftate as air in which 
a candle had burned out. 


Befides, the length of time which the Bath- 
waters, and indeed moft other {pring-waters, 
require to expel the air by means of heat, fhews 

that 
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that the air expelled from them, was not con- 
tained in them in that ftate in which it is con- 
tained in waters properly impregnated with 
fixed air, out of which it may always be ex- 
pelled by the heat of boiling water in lefs than 
‘an hour. In fact, the fixed air is not united 
to the water, but to fome calcareous matter in 
the water, out of which the air is expelled with 
much more difficulty. Accordingly, Dr. Fal- 
coner informs me, that there is a depofit made 
by this water, after long boiling ; if fo, it may 
be prefumed, that thefe waters do not’ fo pro- 
perly contain fixed air, as a calcareous earth; 
which, though it contain fixed air, may not 
part with it in the ftomach, unlefs it meet with - 
fome acid to decompofe it. 


Befides the air contained in the Bath- water, 
there is a confiderable quantity of air continu- 
ally bubbling up from almoft every part of the 
foil, through the water in the bath. When 
I was. about to examine this air, Dr. Falconer 
informed me, that it had been done already by 
Dr. Nooth, and that an account of his expe- 
riments was inferted in the fecond volume of 
his treatife on the Bath-waters. The para- 
eraph relating to it is as follows: | 


<¢ At the place where the fprings rife in the 


“¢ baths, numerous bubbles of-air are obferved. 
66 
- to 


* 
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‘'to afcend along with them. A quantity 
of air of this kind was collected at the King’s 
“ Bath, by inverting a glafs, and holding it 
“over the Bubbles’ as they rofe, and then 
“conveying it into an inverted bottle, which, 
“-when full, was carefully corked up, and 
“carried away. The air thus obtained an- 
“ fwered 1 in every refpect to fixible air, preci- — 
‘¢ pitating lime in lime-water, and having 
“every other quality which that fubftance 
“¢ poffefies.”’ 


Being informed of this, I thought it un- 
neceflary to repeat the experiment; but find- 
ing, upon inquiry, that Dr. Nooth had not 
examined what proportion the refiduum of the 
fixed air bore to the whole, or of what quality 
that refiduum was, though he fpeaks of the 
whole as containing every quality that fixed air 
poffeffes, 1 thought it would not be amifs, as 
I was upon the fpot, to make the trial my- 
felf. Accordingly, I took about a pint of that 
air, in nearly the fame manner that Dr. Nooth 
had done, = found, upon examination, that 
only about ="; of its bulk was fixed air, pre- 
cipitating lime in lime-water, and being rea- 
dily abforbed by water. The reft extinguifhed 
a candle, and was fo far phlogifticated, that — 
two meafures of it, and one of nitrous air, oc- 


Qu cupied 
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cupied the fpace of 2 33 of ameafure; that 
is, it was almoft mith noxious. 


Had I had more leifure, and a better appa- 
ratus, the experiments might have been made 
with more accuracy; but I de not think that, 
whenever they are repeated, they will be found 
to be materially wide of the truth, though it 
is poflible that the ftate of the air in the water, 
_ and eipecially that which rifes through the wa~ 
ter, may be fubje€t to variation.. The mea- 
fures were only eftimated by the eye; but then 
all who were prefent agreed very nearly in the 
fame eftimation. 


sees in Germany in the fummer of the 
year 1774, we happened to pafs by the fa- 
mous {pring of Seltzer-water, near Schwall- 
bach, and alio another very hot {pring near the 
road from that place to Mentz. Through both 
thete fprings there was a bubbling of air, exactly 
fimilar to that in the Bath-waters; but I had 
not time, or convenience, for makide the fame 
experiments upon them, and therefore con- 
tented myfelf with finding that the air of both 
of them extinguifhed a candle. 


_It is well known that all fermented liquors, 
that are not quite flat or vapid, contain fixed 
air; and J had the curiofity to try, what pro- 

portion 
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portion of this air is contained in different — 
kinds of wine, and in wines in different ftates. 
For this purpofe, I took one of the phials with 
a ground-ftopple and tube, reprefented fic. e, 
containing 1 2 of an ounce-meafure, and filling 
it accurately with each fpecies of wine, I plun- 
ged it into a veffel of water, which was fet on 
the fire to boil, receiving the air in quickfil- 
ver, The air that I got from all kinds of fer- 
mented liquors was pure fixed air; but, ex- 
cept champaigne and cyder, it was in much 
lef s quantity than I expected; the refults being 
as follows. 


The quantity of air contained in 


Madeira, was - 139 of an ounce-meafure. 
Port of 6 years old - 4. — a 
Hock of 5 years -  ————-——--—_~ 
Warrelled: Glaret--- brett ee eee 
Tokay of 16 years - 3, ——————--—. 
Champaigne of 2 years 2 ————-—--—-—-—- 


BottledCyderof12years34 ———————— 


Some champaigne fparktes: much in confe- 
quence of containing much air; but there is 
a kind of champagne which does not fparkle, 
and contains yery little air. The difference, 
as I was informed, when I made inquiry con- 
cerning it, in that part of France where the wine 
is made, 1 is owing to this; that when they with 
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to have the wine fparkle, they check the 
fermentation as much as poffible at the time 
that the wine is made; fo that the fermenta- 
tion going on gradually, the fixed air produced 
by it is abforbed by the liquor: whereas, 
when they do not chufe to have it fparkle, 
they let it ferment we like any other kind 
of wine. 


In other cafes, therefore, where fermented. 
liquors contain pecs air, as in moft kinds of 
malt-liquor, cyder, and our Englifh made- 
wines, I take it for granted, that ‘the fermen-— 
tation is either purpofely checked, or that the 
liquor is of fiach a nature, that the fermenta- 
tion will neceflarily continue a long time, come 
it is put into the cafk or bottle. | 


I once found that a quantity of port-wine 
contained its own bulk of fixed air; but I 
now imagine that the wine was not genuine, 
but muft have been made chiefly of cyder. Per- 
haps this may not be a bad method of diftin- 
cuifhine genuine foreign wines from compofi- 
tions made‘of cyder. | | 


i Su Ga 
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I have mentioned a fact, which fhews that 
chalk retains fixed air very obftinately ; fo that 
neither the folar rays, nor the ftrongeft heat of 
a {mith’s fire, continued for a long time, can 
expel the whole quantity that it contains. I. 
have alfo found, that a {mall quantity of fixed 
air was contained*in the beft guicklime that I- 
could procure; fince ftrongly concentrated 
acids would ftill expel a {mall quantity from 
it. I mention this, chiefly, for the fake of an 
obfervation which may not be new, but which, 
if it be new, may be of fome ufe, viz. that when 
I had heated fome pieces of quicklimé i in oil of 
vitriol, in order to extract from it all the air 
that I poflibly could, the next day I found the 
oil of vitriol folid and tranfparent, exactly re- 
fembling a thick jelly; but it became fluid 
again with the heat of my hand. This may, 
probably, be a good and expeditious method 
ef concentrating this acid, the quicklime ab- 
_ forbing its. water. Oe, ; 

| yr Qy3. win Yd BFE 
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I. 

I made a beginning of a courfe of experi- 
ments, which, I chdnde,’ may be_ purfued - to 
confiderable advantage, on the ftate of ‘the air 
which is contained in the bladders’ of fifbes. Wtis 
commonly fuppofed, that thete bladders are of 
no other ufe to the fifhes than to altitt them in 
rifing or finking in the water: but I have fome 
doubt about this hypothefis ; vat leaft they may 
have fome other ufe. “Some fithes, T believe, 
are not furnifhed with thefe blaitddys’ Wher 
they are ‘taken out of the fith, the air cannot 
be got from them by preffure, but I was al 
ways obliged to burit‘or cut them; and yet 
that thé air does change in thefe bladders, is, 
I think, pretty evident, from itd having edie 
it in n different fates. , 


The firft time that it occurred to me to exa- 
mitie the air contained in thefe bladders, I 
found ‘it, ih a great number of them, to ‘bé 
perfeétly noxious, hot being at all affeéted by 
nitrous air. This was on the 31ft of May, 

774. But at another time, viz, the 30th of 
March following, I found air ‘that I had preffed 
from the bladders of the fame kind of <fithes, 
viz. roaches, not to be quite noxious, being 
_ affected by nitrous air, though not to a great 

) degree. 
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degree. I have not purfued thefe experiments 
any farther; but I fhould think that it might 
not be difficult, by diverfifying them pro- 
perly, to make fome difcoveries concerning the © 
animal ceconomy. of fifhes, and the ufe of air 
to them. 


ft. 


That excellent anatomift, Mr. John Hun- 
ter, told me, that fithes would not live in wa- 
ter impregnated with fixed air. I repeated the 
experiment, and found that fmall fifhes would 
not live in this kind of water more than a few 
minutes. At the fame time I had the curiofity 
to try how they would be affected by water im- 
pregnated with witrous air, and obferved that 
they were affected in the fame manner, but 
much more violently ; being thrown into the 
greateft agitation the moment they were put 
into it, and moving about with the greateft 
rapidity, till they became languid and died, 
A courfe of experiments of this kind, joined 
with the other, would, I think, be very pro- 
mifing to a perfon who had an gpportunity of 
making them to advantage. 


IV. 


In forme chymical proceffes, volatile alkali 
diffolves copper, This I alfo have obferved 
| | Q4 — in 
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in my account of the experiments - in which [ : 
put fome. Pieces of volatile alkaline falt to a 
quantity of.common air, at the time that I in- 
troduced nitrous air to it, vol. J. p.213. For, 
if the alkaline falt be fupported by copper-wire, 
it prefently becomes blue, and is foon corroded. 
I therefore thought that pieces of copper, €x- 
pofed to pure alkaline air, would have been af- 
fected in the fame manner; but I did not find 
this tobe the cafe. A nutnbet of pieces of 
-copper-wire ernasie a whole night in alkaline 
air without fenfibly affecting it, or being af- 
- fected ‘by it.- That the allealine air was pure, 
appeared by its ane ae abforbed. ~ wa~ 
‘ter afterwards, 


V. 

~* YT had fome expectation that alkaline air 
“might be expelled from cauftic fixed alkali, ef- 
‘pecially as. it is known that the fixed and vo- 
~‘latile alkalis differ only in their combinations ; 
but I was: difappointed in. my expectations. 
‘Having procured a quantity of cauftic alkali 
from Mr. Lane, who is known to prepare it 
with particular accuracy, I treated it in the 
fame manner as I had done the: fpirit of -falt, 
and found that the vapour expelled from it 
confifted of noth Ling but water, being immedi- 
ately condenfed when it. came: to stil cold 


quickfilver. P otfs | sil fT ogeseaoo: wove 
P - / 
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VI. : 

T have obferved before, that though the ma- 
rine acid air does not become inflammable air 
by means of liver of fulphur, as it does by 
means of many other fubftances that contain 
phlogifton ; yet that it does form a permanent 
kind: of air, which appeared to be phlogifti- 
cated, by extinguifhing a candle, though the 
quantity which I then produced was fo {mall, 
that I did not pretend to form an accurate 
judgment concerning it. I-have, fince that, 
made another experiment of the fame kind, ra- 
ther more decifive than the former. _ I put_fe- 
veral pieces of liver of fulphur to a quantity 
of marine acid air; when I obferved that it 
prefently began to be abforbed, and it ‘conti- 
nued in that ftate till one-half of the whole had 
difappeared.. By this time the liver of ful- 
phur, which had been of a greenifh or yellow- 
ifh colour, became white. Afterwards more 
liver of fulphur abforbed more of this air ; but 
after two days the pieces began to diffolve, and 
at length they became one liquid mafs, ‘the air 
ftill diminifhing very gradually. In this ftate 
I admitted water to the air; but by this very 
little more of it was abforbed ; and that which 
remained was about one-fourth of the original 
quantity, and extinguifhed a candle. Thewhole 
procefs was three days. After this air had ftood 
3 | a week 
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a week in water, and had been a little agitated 
in It, it was a a litle diminifhed by nitrous air. 


VI. 

I have mentioned a courfe 6f curious expe- 
riments on the mixing of ether with feveral 
kinds of air, the confequence of which was, 
that the quantity of each of them was almoft 
inftantly doubled by a fingle drop of: that 
fluid; but that afterwards, water abforbed the 
ether, leaving the air poffeffed of all its pecu- 
liar properties. ‘Thofe experiments were made 
with vitriolic ether. Having, fince, procured 
a quantity of nitrous ether, made by Mr. God- 
frey, I had the curiofity to try whether this 
would produce the fame effect; but I found 
that it increafed common air only about one- 
fixth of its bulk. After this mixture had con- ‘ 
tinued two days and a night, water abforbed 
the ether, and left the common air exaétly, or 
very nearly, the fame as before, judging by 
the teft of nitrous air. | 


VIE. 
In my experiments to extract air from freth- 


made red lead, by mixing it with fpirit of nitre, 
J had the curiofity to try what would be the 


effe&t of mixing it in the fame manner with a 


volatile alkaline water; but no air was pro- 
duced 
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duced from it, neither did the red lead acquire 
any additional weight from the mixture, 


VIEL. 

Confidering the very different properties of 
the different “kinds of air with which I have 
been converfant, it was impoffible not to think 
of the probability of their having different re- 
frattive powers, and of fome method of afcer- 
‘taining this circumftance. Accordingly I in- 
tended to have done fomething of this kind 
before the publication of my former volume 
on this fubject ; but I was prevented by an 
unexpected delay in the conftruétion of the 
apparatus which I had contrived for that pur- 
pofe. I have fince completed my apparatus, 
and have made the trials which I then propo- 
fed, but I am forry to inform my readers, that 
they have been without any fuccefs. 


For this purpofe, I procured a prifm, con- 
fifting of three plates of glafs, faftened toge- 
ther by cement, the cavity being large enough 
to contain about a quarter of a pint. This 
prifm I fixed upon a ftand, at the diftance of 
ten feet from a window, in which I had a {mall 
apparatus, contrived to throw a beam of the 
fun’s rays into the room. This beam was re- 
ceived by a board, furnifhed with a piece of 
brafs-work, containing feveral {mall holes, 

I through 
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through any of which I could tranfmit a beam 
of light upon the prifm, which was placed, in 
a vertical pofition, clofe behind it; and the 
wall on which the image of the fun was received 
was twenty feet from the prifm. 


— With sie apparatus, which I A pro- 
- mifing enough, I proceeded to try the refrac- 
tive powers of nitrous and inflammable ayy; 
but I could perceive no difference in the place 
of the image, whether the beam of light was 
tranfmitted through the prifm, carefully filled 
with either of thefe kinds of air, or not through. 
it; allowance being made for a fmall degree 
of refraction occafioned by a want of perfect 
paralleliim in the plates of the prifm. .The 
refult was the very fame, whether it contained 
common air, or either of the two kinds above 
mentioned. 7 


_ Having had fo little fuccefs with thefe two 
very different kinds of air, I thought it would 
be in vain. to try any of the other kinds ; and 
therefore, for the prefent, have defifted from 
my purfuit; but I am not without a defign 
to refume it with a different kind of apparatus, 
if | be fo happy as to fucceed in the conftruc- 

tion of. it. 


IX, 
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The facility with which the: nitrous —_ 
forms air of various kinds is very remarkable ; 
efpecially when compared with' thetwo’other 

mineral acids, which enter into: thé! ‘compofi- 
—tion'of few kinds of air in comparifon with 
this: I was in hopes that, by fubftituting 
thofe acids in the place of the nitrous, in the 
experiments which produced the dephlogifti- 
cated, and other kinds of air, I fhould, ‘at 
leaft, have got fome kind of air; but-T got 
none. I have mentioned my having tried this 
with red lead. I alfo made the fame attempt 
with the marine acid, and dried flefh, from 
which I got the peculiar kind of air defcribed 
fet ‘vili.; but this produced nothing but the 
marine acid air, in quickfilver, and nothing at’ 
all in water; the acid air being abforbed by ’ 
it as faft as it was generated. Trying a piece 
of beef with the fame apparatus, without any 
acid, it yielded, by means of a pretty ftrong 
heat, from the flame of a candle, inflammable 
air, as in the: fimilar experiment with a gun- 
barrel, mentioned in my former publication. 


X. 
| I have obferved, in the firft volume of this 
' work, that when I had put a piece of /a/t-petre | 
to a quantity of marine acid air, it was pre- 
4 {ently 
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fently diffolved, emitting a white fume ; biit 
that no air, that I could €xamine, remained, the 
quantity of it being fo fmall. I have fince 
repeated the experiment; but the refult was 
nothing more than might have been predicted ; 
for the nitrous acid, diflodged from its bafe 
by the marine, had diffolved fome of the quick- 
filver, and formed nitrous air, occupying one- 
half of the whole {pace that had been filled by 
the marine acid air. 


Marine acid air affects borax, in. the very 
fame manner in which alkaline air affects alum, 
rendering it whitith, 


| XI. at 

At the time of my former publication, I 
had found that taking the eleéfric [park in given 
quantities of feveral kinds of air, had a very 
remarkable effect upon them, that it dimi: 
nifhed common air, and made it noxious, mak- 
ing it depofit its fixed air, exactly like any 
phlogiftic procefs; from whence I concluded 
that the electric matter either is, or contains 
phlogifton. It has alfo the fame effeét as a 
phlogiftic procefs on nitrous air, diminifhing 
it very much, and depriving it of its property 
of diminifhing common air. I have fince re- 
peated this experiment on fome other kinds of 


air which cannot be confined by water, and 1 
find 
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find the refults to be no lefs remarkable, though 
J have not given fo much attention to them as 
to be able to explainthem. The facts were as 
follows. 


Having made about fifty electric explofions 
of a common jar, in a fmall quantity of the 
marine acid air, confined in a glafs-fyphon by 
quickfilver, I obferved that it was a little di- 
minifhed, and that a fmall part of the infide of 
the glafs, next to the quickfilver, was tinged 
white. Water admitted to this air abforbed 
fo much of it, that no experiment could be 
made on the remainder. 


I made the fame experiment on the vitriokz 
acid air; when prefently the infide of the glafs 
through which the explofion pafied was uni- 
formly covered with a blackifh matter, fo thar 
nothing could be feen through it, and the air 
feemed to be rather increafed than diminifhed. 
Water being admitted to it, left fo little of it 
wnabforbed, that it could be no more examined 
than that which remained in the preceding ex- 
. periment. Part of the blackifh matter was 
wafhed off by the water. 


I took the ele&ric explofion in a {mal} quan- 
tity of alkaline air, in the fame manner as in 
the two preceding experiments, and obferved, 

that 
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that every ftroké added: confiderably to the 
quantity of airy; and when water was admit- 
ted to it, juftfo-much remained unabforbed as 
had been added by the explofions. 1 then 
took about an hundred explofions of the fame — 
jar, in a larger quantity of alkaline air; after 
which, fo much of it remained unabforbed by 
water, that I could examine it with the great- 
eft certainty. ° It neither affected common air, 
nor was affected by nitrous air, and was as 
{tronely inflammable as any air-that I had ever 
procured.” 


aye A NN appear to me to furnifh 
matter for much fpeculation, and farther ex- 
perimental inquiry. Tull this be done, all 
conjeciure.concerning them. muft be very much 
at random. I therefore defer making any at 
prefent. 


SEC- 
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SECT LON... XIV. 


Experiments and Obfervations on CHARCOAL, 
jirft publifhed in the Philofophical Tranfac- 
tions, vol. LX. p. 211. 


Among the original experiments, publifhed 
in the Hiftory of Electricity, was an account 
of the conducting power-of charcoal. This 
fubftance had been confidered by electricians, 
in no other light than that of more perfectly 
‘baked wood, which is known to be no conduc- 
tor of electricity. I have even heard of at- 
tempts being made to excite it; and though 
thofe attempts were ineffectual, the failure of 
fuccefs was attributed to other caufes than that 
of charcoal being no eleétric fubftance; fo 
fixed was the perfuafion, that water and me- 
tals were the only conducting fubftances in na- 
ture. The confideration of the chymical pro- 
perties of charcoal, which are, in many refpects, 
remarkably different from thofe of the wood from 
which it is made, might have led philofophers 
to fufpect, that fince, after its being reduced to 
a coal, it was become quite another thing from 
what it was before, it might poffibly differ 

R from 
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from wood in this propetty; but this confide- 
ration had not been fufficiently attended to. 
In the account of my former experiments on 
charcoal,- I obferved, that there were, very 
great differences in the conducting power of ‘ 
charcoal, and particularly of wood-charcoal, 
though I could not determine on what circum- 
{tances in the preparation, &c. thofe differences 
depended, I therefore, exprefied a wifh, that - 
fome perfon, who had conveniencies for mak- 
ine chymical experiments, would profecute 
the inquiry, as one that promifed, not-only to 
afcertain the cauie of the conducting power of 
charcoal, but perhaps of conducting power 
univerfally. Not kearing that any chymift or 
electrician has attended to this bufinefs, I 
have, at length, refumed the fubjeét, though 
not with every advantage that I could have 
withed. I have, in a great meafure, however, 
fucceeded in the principal obje& of my in- 
-quiry; and I fhall now lay before this fociety 
the refult of my experiments and obfervations. 


I fhall begin with correCting a miftake I fay 
under at the time that I made the former ex- 
periments. Having been informed by per- 
fons, who attend the making. of pit-charcoal, 
that it was confiderably increafed in bulk after 
the procefs, I imagined that all other fubftan- 

ces 


‘ 
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‘ces received an increafe of bulk, when they 
were-reduced to a coal;. but the firft experi- 
ments that I made, convinced me of my mif- 
take. All vegetable fubftances are confider- 
ably contracted in ail their dimenfions, by the 
procefs of coaling, and the more perfect this 
procefs is (that is, as will be explained here- 
after, the greater is the re that is applied in 

the courte of it) the greater is the diminution. 

I havé even reduced pes of wood to little 
more than one-fourth of their original length 
‘and breadth, in a common fire, by the ufe of a 
“pair of hand:bellows only. And this was the 

cal equally with wood of the firmeft texture, 
as ebony; that of a middle texture, as oak, 
and that of the loofeft, as fr, 8¢c. 


As moifture (ands Bbelieve, fall degrees 
Of heat or cold) affects wood much more fen- 
libly aerofs the fibres than along them, it might 
have been fuppoied, that when wood was re- 
duced to a coal, by the application of a greater 
slegree of heat, the fame rule would have been 
obferved, but [ found very little difference in 
this refpect. To afcertain this circumftance, 
J took from the faine board, two pieces, each 
24inches in length. In one of them, the 
fibres were divided, in the other they were not ; 
and after-coaling them thoroughly together, 
ja the fame crucible, I found that the former 

K2 meafured 
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meafured 2.05 inches, and the latter 2.15. 
Their conducting power could not be diftin- 
euifhed. 


A more particular account of the degree, in 
which wood is fhortened in coaling, will be feen 
afterwards, when the variations in this refpect 
are compared with the variations in the power 
of conducting electricity. 


To my great furprize, I found animal fub- 
flances not reduced in their dimenfions by the 
procefs of coaling. This, at leaft, was the 
cafe with fome pieces of ivory, feveral inches 
in length, and a piece of done. They bore a 
very intenfe heat for many hours, and came 
out of the crucible confiderably diminithed in 
weight, but hardly fo much as diftorted in 
their fhape, as 1s remarkably the cafe with wood, 
and, I believe, all vegetable fubftances. 


In examining mineral fubftances, I found 
that my information, mentioned above, was 
juft. Coals are very much enlarged in their. 
dimenfions by charring; but the experiment 
muft be made-with great care, to judge of this 
circumftance; for, unlefs the operation be very 
flow, the coal will retain nothing of its former 
fhape, having been made, in fome meafure, 
fluid by the heat. The infide of all pieces of 
: 4 | pit- 
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pit-charcoal is full of cavities, and there is ge- 
nerally a very large one in the center of every 
piece; fo that the dilatation is nothing like 
the extenfion of fibres; but is produced by 
the elafticity of the new-formed vapour, in 
forcing its way out, while the fubftance is 


foft. 


7 With refpect to the main object of my in- 
quiry, I prefently fatished myfelf, that the 
conducting power of charcoal depends upon 
no other circumftance than the degree of beat, 
that is applied in the procefs of making it. I 
had not fufpected this; but numberlefs expe- 
riments clearly proved it. Taking an iron- 
pot, filled with fand, and putting into it pieces 
of wood, cut out of the fame plank, mark- 
ing them, and carefully noting their places in 
the pot, I always found that thofe pieces came 
out the beft conductors, that had been expofed 
to the greateft heat. The refult was the fame 
when I made coals of bits of wood, placed one 
above another, in a gun-barrel, one end of 
which was made red-hot, and the reft gradu- 
ally cooler and cooler. 


Taking pieces of charcoal that conducted 
very imperfectly, or not at all, J never failed 
to give them the ftrongeft conducting power, 
by repeating the procefs of coaling, either in 

R 3 a crucible, 
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a crucible, or in a gun-barrel, covered with 
tand, and age in an intenfe heat. 


T ¢ould not find that the mere continuance 
of the fame degree of heat had any. effect with 
refpect to the condudting power of char coal. 


Mr. Macquer, ang other chymitts,* define 
charcoal to be wood 1 burned, withowd being fuf- 
fered to flame, but, with refpect to its conduét- 
ing power, and, I make no doubt, with refpect _ 
to all its other eftencial pr roperties alfo, it makes 
no difference whether it flame or not. I haye 
coaled pieces of wood, beth in gun-barrels, and 
in crucibles, lightly ‘covered with fand, and 
have let the inflammable vapour ‘that ethaled 
from them take fire, at various diftances from 
the fubftances; and I have alfo put pieces of 
‘wood in an open fire, and urged the heat ap- 
plied to them, with a pair of bellows; and in . 

all thefe cates have found the ah aveoad equally 
gaod, ‘In the lat method, indeed, very little 
of the fubftance is preferved , bie the little 
that doth remain, after i it hath ceafed to flame, 
whether it be quenched immediately, or not, 

conducts as well as any charcoal whatever. 
But one can hardly be fure that the fame de- 
gree of heat is given to every part of a piece 
of wood, except it be expofed to it for fome 
time 5 and % in an Open | fire, urged with a pair 
of 
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of bellows, the wood waftes as faft as it is red- 
hot, before the center of it is much affected 
with the heat. 


‘When once any degree of conducting power 
is given to a piece of charcoal, I never found 
that it was afterwards leffened. A partial con- 
fuming of it in an open fire doth not affect the 
remainder, as I obferved in the account of my 
former experiments, 


I had imagined, that the folidity of fabftances 
converted into charcoal, would have had a 
very confiderable effect on their conducting 
power afterwards; but the conjecture was not 
confirmed by experiment. Coals made of the 
lighteft woods conducted, as far as I could 
perceive, as well as thofe that were made from 
the moft folid, if they had been expofed to the 
fame degree if heat in the procefs. Fine fhav- 
ings of fir, the fine coats of an onion, the light- 
_ eft foot, and every other vegetable fubftance 
that I tried, conducted equally with coals made 
ef oak or ebony. 


I had imagined, alfo, that the moment a 
piece of wood was become black with heat, it 
was, to all intents and purpofes, ‘a real char- 
coal; and, alone with the other properties of 
charcoal, would conduct electricity, more or 

| R 4. leis 5 


248 Experiments and Obfervations on Charcoal. 


lefs; but I found, by coaling feveral pieces 
very flowly, that they would not conduct in 
_ the leaft degree, not only when they were made 
fuperficially black, but likewife when they 
were black quite through, and had remained 
a long time in the heat that made them fo; fo 
that no eye could diftinguifh them from the 

moft perfect charcoal. 


I have. fometimes found charcoal in fuch a 
ftate, that it would affift the paffage of an ex- 
plofion along its furface, when it would not 
conduct a fhock any other way. 


In order to fatisfy myfelf in what propor- 
tions the diminution of weight, the decreafe of 
bulk, and the conduéfing power of wood and 
charcoal, correfponded to one another, I took 
feveral pieces irom the fame plank, and hav- 
ing carefully weighed and meafured them, con- 
verted them into coals very flowly, and by a 
eradual increafe of heat, on an iron plate, held 
on the fire, turning them conitantly, to pre- 
vent their catching fire. The following were 
the refults. 


A piece of very old dry oak, weighing 12 
grains, and which conducted in the imperfect 
manner that wood generally does, from the 
moifture it contains, was, after the lofs of about 

, one 


Experiments and Obfervations on Charcoal. 249 


one grain, no conductor at all; and it conti- 
nued the fame as baked wood, till it was’ re- 
duced to four grains, when it was black quite 
through ; and even then, no part of it con- 
ducted, except one corner, where it had catched 


fire. 


Another piece I carefully weighed, and mea- 
fured feveral times in the courfe of the proceds. 
At firft it weighed 


Gr. Length, Bread. Thick, - 

12 whenitsdimenfionsininches were 2, . 45 . 12 
Ats ie Latta gD OOS 
Seay ek see SST La OIG, Aaa 
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It was now become an imperfect conductor. [I 
then urged it with a ftrong heat, in a crucible, 
and taking it out, it weighed 1.75 gr. and mea- 
fured 1 .6 in length, and .3 in the other dimen- 
fions. It was now a perfect conduétor; and 
though [ afterwards kept it in a very intenfe 
heat feveral hours, by which it was reduced to 
one grain in weight, its conducting power was 


not fenfibly increafed ; but it was become very 
brittle, or friable. 


It appears from thefe experiments, that thefe 
pieces of wood were reduced to about one- 
fourth of their weight before they would con- 


duct 


4 
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dué at all; though, at the fame time, they were 
diminifhed in length (7. e. along the fibres) 
only one-tenth. The breadth and thickne(fs © 
could not be meafured with fufficient accuracy 
in thefe fmall pieces. To make them perfeét 
conductors, they were reduced to about one- 
tenth in weight, and one-half in length. 


A variety of circumftances led me to con- 
clude, that the caufe of dlacknefs, and of the 
conducting power in charcoal, is the oil of 
the plant, made empyreumatic, and burnt to 
‘@ certain degree. I therefore conclude that 
_ thefe properties are fome way connected with 
that part of the inflammable principle, other- 
wife called phlogifton, that is fixed and united 
to the earth of the plant, when the union is 
firengthened by an intenfe heat. 


The fand, with which I covered the fub. 
ftances that I converted into coals, and alfo the - 
pipe-clay which I fometimes put over them, 
contracted a blacknefs like charcoal, and would 
often conduct pretty well. Sometimes they. 
would conduét a fhock. This muft have been 
owing to the oil they. received from the fub- 
ftances out of which it was expelled by the 
heat. In the experiment of the gun-barrel 
filled with pieces of wood, mentioned above, the 


uppermoit pieces were not in the leaft burned. 
They 
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They could hardly have been hot ; yet, hav- 
ing contracted a fuperficial blacknefs, from 
_ the vapour of the oil expelled from the piece. 
below them, they would even conduct a fhock, 
though not in the moft perfect manner. 


- Sometimes thofe fubftances that had no phlo- 
gifton themielves, but received it in confe- 
quence of being placed in the neighbourhood 
of other bodies | out of which it was expelled, 
would not conduct immediately ; but would be 
made to do fo ‘by being expofed to a greater 
heat, which more thoroughly burned the oil 
with which their pores were filled. 


I put a piece of a common pipe into a cru- 

cible, in which I was burning fome turpentine 
(which will be mentioned below) and it came 
out black quite through, like a pipe in which 
tobacco has been ieckraemaly fmoked. In this 
fate it would not condué at all; but putting 
it into a crucible, covered with fand, I treated 
jt in the fame manner as I would have done a 
piece of wood, in order to coal it, and it 
came out a very good conductor, Had it been 
burned in the open fire, the phlogifton would 
have efcaped, and the pipe would have been 
left white, as at firft. 


Being 
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Being convinced that the conducting power 
of charcoal depended upon the oil, or rather 
the phlogifton contained in the oil, and on the 
degree of heat with which it was burned, 1 took 
feveral methods to give vegetable fubftances 
more of this principle ; or at leaft endeavoured 
to make them retain more of it than they ufu- 
ally do, in the procefs of coaling. But I had 
no apparent fuccefs in thofe experiments. 


I began with plunging a piece of old dry oak 
in oil; and then, pumping the air out of it, 
Tet it ftand i” vacuo a day and night, in which 
time it feemed to diicharge a great quantity of 
air; after which I let the air into the receiver, 
and thereby forced the oil into its pores. But 
the coal from this wood was not fenfibly bet- 
ter than others. Theapplication of heat may, 
perhaps, expel the phlogifton in fuch a man- 
ner, that the refiduum, being fully faturated, 
can retain no more than a ‘certain proportion, 
I made coals of other pieces of wood, when 
they were covered with cement ; and I alfo 
coaled feveral pieces together, that they might 
receive phlogifton from one another; but, in 
both cafes, without any fenfible improvement 
in the quality of the coal. | 


In order to prevent the efcape of the phlo- 
erfton belonging to the fubftance to be reduced 
_ to 


~ 
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to a coal, I put fome pieces of wood into a gun- 
barrel, and corked it as clofe as I could, at the 
fame time covering the cork with cement. In 
this cafe the rarefaction of the exhaling vapour 
never failed to drive the cork out; but it 
muft have been after a confiderable refiftance 
to its efcape. However, I could not perceive 
any peculiar excellence in the eisar coal made 
in this manner. 


I do not, indeed, know-any method in which 
differences in fubftances that conduct fo well 
as thefe can be accurately tried, at leaft none 
that can be applied in this cafe. “The charcoal 
IT can make in a common fire, by the ufe of a 
pair of hand-bellows, I cannot diftinguith, with 
refpeét to its conducting power, from the molt 
perfect metals, ‘gold and filver; either by the 
length of the electric fpark, the colour of it, or 
the found of the explofion. I make no doubt 
but that wood, in the procefs of coaling, may 
eafily have a degree of conducting power com- 
municated to it, exceeding that bf lead, iron, 
or the other more imperfect metals. 


We may, perhaps, be guided in our con- 
jectures on this fubject, by confidering the de- 
gree of beat that is neceffary, either to unite the 
phlogifton to its bafe, or to feparate them, both 
in the cafe of wood, and the different metals, 

Lead 
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- Lead is very eafily calcined, and it is alfo known 
to conduc electricity very imperfectly. Iron 
foon turns to ruft, and its conducting power 
I found to be very fmall, in comparifon with 
that of copper, or the more perfect metals. 
If, therefore, in making charcoal, a degree 
of heat be applied greater than is neceffary to 
calcine or revivify a metal, we may perhaps 
conclude, that the conducting power of the 
charcoal will be fuperior to that of the metal. 
As it may be poffible to give charcoal, when 
cut off from any communication with the ex- 
ternal air, a greater degree of heat than filver 
or gold would bear without being diffipated in 
vapour; it may even be poffible to make char- 
coal that fhall conduct electricity better than 
thofe moft periec& metals. 


Had there been any phlogifton in water, I 
fhould have concluded, that there had been 
no conducting power in nature, but in con- 
fequence of fome union of this principle with 
fome bafe. In this, metals and charcoal exact- 
ly agree. While they have the phlogifton, they 
conduct ; when deprived of it, ney will not 
conduct *, } 


* Having fince found, that long agitation in the pureft 
water injures air, fo that a candle will not burn in itaf- 
terwards, which is precifely the effect of all phlogiftic pro- 
ceffes, T now conclude that the maxim fuggefted in this 
paragraph is univerfally true. See vol. I. p. 283. 


I believe 
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I believe, however, that all vegetable or 
animal fubftances, that contain phlogifton, 
may be reduced to a coal; and if the heat ap- 
plied in the procefs be fufficient, that coal will 
conduct electricity. Flefh, glue, bones, and 
other parts of. an animal body, make good 
conducting charcoal. 


The only approach, or feeming approach, 
Lever made towards retaining more phiogiften 
than ufual, in wood reduced to a coal, was by 
the flowne/s of the proces. For l always found, 
that if the heat was applied very gradually, 
lefs volatile phlogifton, 7. ¢. leis inflammable 
air, was expelled; and therefore I fuppofe 
that more of it was fixed,. I could never after- 
wards, by equal degrees of heat, make this 
coal to weigh as little as another that was firft 
coaled by a fudden heat. 


I took two pieces of dry oak, the contiguous 
parts of the fame ftick, each weighing exactly 
fourteen grains. One of thefe I heated fud- 
denly. It yielded eight ounce-meafures of in- 
flammable air, and then weighed two grains. 
The other I heated flowly, but as vehemently, 
at the laft, as the other. It yielded only 
x4 ounce-meatfures, and weighed three grains. 


z | I repeated 
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I repeated the fame experiment feveral times, 
and always with ee the fame refult, 


Examining the Abncaiine: power of the 
pieces of charcoal made with thefe. different 
circumftances in the procefs, I could not dif- 
tinguifh which was better. Perhaps a more 
accurate method of trying them might fhow, 
that thofe which were coaled flowly were the 
better conductors; unlefs, which is not im- 
probable, the goodnefs of the conducting power 
confifts in the completene/s of the union that is 
produced between the inflammable principle 
and its bafe, which will depend upon the de- 
gree of beat only, and not on the quantity fe 
phlogifton thus united to the earth. 


N. B. To catch the inflammable air, fet loofe 
in making charcoal, I put the fubftances into 
a cun-barrel, to which I luted a long glafs tube, 
ana to the ae I faftened a bladder, out of 
which the ¢ air was carefully prefied. - 


As metals and charcoal agree in nities 
of phlogifton united to an earthy bafe, and 
alfo in conducting electricity, I fufpected that 
thefe two different fubftances might alfo agree 
in their readinefs to expand by heat. Mr. 
Smeaton was fo obliging as to affift me in my. 
attempts to afcertain this circumftance, by 

~ the 
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the application of his excellent pyrometer. 
Though we could not make the experiment 
with all the exa¢tnefs that we could have wifhed, 
yet the réfult of near thirty trials was uniform. 
ly in favour of the greater degree of expanfion, 
by heat, in the charcoal, than in wood of the 
fame kind (as we imagined) out of which it was 
made. In general, the expanfion of the char- 
coal was about double to that of the wood. 


It is evident, that a certain degree of heat 
makes wood and charcoal expand; and alfo 
that a greater degree of heat makes them con- 
tract. { with we had an inftrument to afcer- 
tain the precife degree of heat, at which the ex- 
panfion ceafes, and the contraction begins; and 
whether the two ele be produced by the fame 
gradation. 

; 

In the courfe of thefe experiments on char- 
coal, I met with a fubftance, the conducting 
power of which is fingular, and exhibits a beau- 
tiful appearance. In-ofder to fee what would 
remain after burning a quantity of turpentine 
in a glafs tube, I covered it with fand, ina 
¢rucible, in the fame manner in which I ufed 
to make charcoa]; and, after letting it conti- 
nue a fufficient time, in a very hot fire, and after 
the fame had long ceafed, I examined the 


tube, and fqund that it had been melted; but, 
S iilcad 
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inftead of any thing like charcoal, or the leaft 
blacknefs, I obferved that the tube was uni- 
formly lined with a whiti/b gloffy matter, which 
I could not fcrape off. Upon trying whether it 
would conduét eleétricity, I found it tranfmit- 
ted the {malleft fhocks, to a confiderable dif- 
tance; and, what appeared very remarkable, 
the path of the explofion was luminous all the 
way, and feemed to confift of a prodigious 
number of fmall feparate fparks, fcattered to a 
great diftance, exhibiting fuch an appearance 
as would be made by firing gunpowder fcat- 
tered carelefsly in aline. ‘The explofion very 
‘much refembled the firing of a fquib. To 
compare it to another electric appearance, it 
was like the explofion paffing over a thin 
furface of gilding. | 


[ imagine that, though I could not perceive 
any interruption in this white coating, not even 
by the help of a microfcope, it muft, in faét, 
have been full of interftices, and the.electric 
fparks could only be vifible in paffing from one 
conducting particle to another. 


In this experiment, I often got pieces of glafs 
very imperfectly covered, with intervals in the — 
white coating very large and vilible; but, 
though I expofed the fame pieces of glafs to 
eatch more of this matter, I never could get 

4. a coating 
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a coating of it fo thick, but that, in tran{mit- 
ting the electrical explofion through it, it ex- 
hibited the fame luminous appearance, as if 
there were interftices in the circuit. 


I got the fame matter from oil of turpentine, 
and oil of olives; but not from dees-wax, or 
Jpermaceti oil. Perhaps it cannot be got from 
any animal fubftance. 


In order to obferve the progrefs of this in- 
cruftation, I poured oil of turpentine on fome 
flat pieces of glafs, and burned them on an iron 
plate, in the open fire, the heat being mode- 
rate ; but the effect was a black covering, like 
foot, which would not conduét in the leaft. 
But thefe fame pieces of glafs, thus covered 
with the black coating, being put into a cru- 
cible full of fand, and urged with a ftrong 
heat, came out white, and “conducted igi 
as before. 


With a lefs degree of heat, the black co- 
vering was changed to white; but it did not 
adhere fo firmly to the glafs as when the heat 
had been greater; though it adhered more 
clofely than the black covering, which might 
be wiped off with afeather. But this white 
coating, produced by a moderate heat, would 


not condué at all. : 
S 2 In 


- 
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In fome cafes I have found this whitifh mat- 
to be difperfed by feveral explofions, as Dr, 
Franklin found gilding with leaf-gold to be. 


In whatever manner the pieces of ylafs were 
covered, the coating vanifhed when it was-‘made 
red-hot in an open fire; and the glafs that re- 
mained would not conduct, any more than it 


did before. This circumftance exactly refem-— 


bled the efcape of phlogifton from charcoal 
and metal, burned in the open air, 


In a microfcope, this whitifh matter looked 
exactly like metal, or rather fome of the femi- 
metals, having a bright polith, though it foon 
iene: as it were, a We 


To try whether it was metal, I dipped the 
pieces of glafs that were cavered with it in 
the acids, but found that they had little or no 
effect upon it, though it is by no means fixed 
in the pores of the glafs, but covers it quite 
fuperficially. 


Tt was not in the leaft affected by the mag- 
net. Upon the whole, the matter that forms 
this coating of the eglafs feems to be a kind of 
charcoal, only. white inftead of black. 


Confider- 
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Confidering that metals refemble charcoal, 
in that they confift of an earth united to phlo- 
gifton, and that charccal will not confume 
without burning in the open air (there being,’ 
probably, fomething in the atmofphere with 
which it can unite, on the principle of chymi- 
cal affinities, the moment it is feparated from 
the metallic bafe) I imagined that metals might 
not calcine, or vitrify, except in the fame cir- ° 
cumftances, and the event verified my con- 
jecture. . 


I took a certain quantity of /ead, and having 
put it into an open crucible, obferyed that it 
was all vitrified in ten minutes; but the fame 
quantity of lead, covered with pipe-clay, and 
fand, was kept feveral hours in a much hotter 
fire, and was hardly wafted at all, the bottom 
of the crucible only being flightly glazed ; it 
having been impoffible wholly to exclude all 
accefs of air, and fome being neceffarily in 
contact with it when the procefs began. Treat- 
ing charcoal in the fame manner, I could never 
prevent fome lofs of weight, when the crucible 
was kept in a very hot fire, for feveral hours, 


As, by this procefs, lead will bear a much 
greater degree of heat than would calcine, or 
yitrify it, in the open air, I fhould think it 
probable, that lead thus prepared muft have 
| ie ae) the 
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the phlogiftan more clofely united to its earthy 
bafe, and be thereby a better conductor than 
common lead ; fince this is the cafe with char- 
coal thus treated. Perhaps lead, and other 
bafe metals, may have their guaiity altered, 
and be improved in other refpects alfo by this 
proces ; though they fhould not be changed 
into gold by it. I found, however, that the 
{pecific gravity is not changed by this Pprocels; 
fo that, alas! it is ftill but lead. 
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Of the Impregnation of Water, &c. . 26 
S ROT ION XV. 


Of the Inprecnaiag ie WarTER with F TEED AIR. 
Ba wee 


PART i 


ae id Hi sory of the aan. 


“It often amufes me —— I review the hiftory 
of experimental philofophy, to obferve how © 
very nearly one difcovery is connected with — 
another, and yet that, for a long time, no per- 
fon fhall have perceived that connection, fo as 
to have been aétually led from the one to the 
other; and efpecially that he who made the 
firft difcovery fhould ftop fhort in his progrefs, 
and not advance a fingle ftep farther, to make 
the other, which was perhaps of infinitely more 
‘confequence, And yet the cafe may be fuch, 
that i it hall be fo far from requiring more ge- 

lus, Or ingenuity, to advance that other ftep, 
i; it is rather a matter of wonder, how it 
was s poffible for the moft common capacity to 
ftop fhort of it. We alfo frequently find that 
they who make the moft important philofo- 
phical difcoveries overlook the moft obvious’ 
ufes of them. Several ftriking examples of 

S 4 this. 
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this kind will be found in my Hiffory of elece 
tricity, and alfo in the Hifery of difcoveries re- . 
lating to vifion, light, and colours. 


In fuch cafes as thefe it behoves an hiftorian 
to be much upon his guard, léft he thould 
hailily conclude that to oe Been fac which 
he only imagines muft have’ been fo, but’ for 
which no direct evidence can be produced. As 
this is a ¢afé of fome Cutiofity- vefpecting the 
human mind, I thall give an inftance of it ; 
and I am able. to produce a yery. remarkable 
one relating to the fubject of this fection. 


When it was difcovered that the acidulous 
tafte and peculiar virtues of Pyrmont water, 
and other mineral waters of a fimilar nature, 
were owing to the fixed air which they con- 
tained , iia this: air had ‘been actually ex- 
peiled ‘from the water, and it was found that 
the fame water, and even other water, would 
reimbibe the fame air, we are apt to conclude, 
that the perfon who made thefe difcoveries, 
and efpecially the laft of them (who alfo muft 
have known that fixed air is a thing very ealy 
to be procured) muft have immediately g core 
to work to reduce this ¢heory into praétice, by 
attually impregnating common water with 
fixed air, in order to give it the peculiar vir- 
tues of thofe medicinal mineral waters which 

are 


are fo highly, and fo juftly valued, and which 
are procured at fo great an expence, efpecially 
in this country. Accordingly, Dr. Nooth has 
advanced, Phil. Tranf. vol. 65; p: 59, that 
the pollibility of impregnating water with 
“ fixed air was no fooner aicertained by expe- 
“ riment, than various methods were con- 
“ trived to effeét the impregnation;” and I 
doubt not this ingenious philofopher impofed 
upon himfelf i in the manner defcribed above. 
This, however, is fo far from being the cafe, 
that I do not believe it is poffible to produce 
the leaft evidence that any perfon had the thing 
in view before the publication of my ‘pamphlet 
ppon that fubject, in the year 1772. 


Indeed, had this thing been fo. much as az 
object of attention to philofophers, it is im- 
poffible but that fome of them muft have hit 
upon a method that would have fufficiently 
fucceeded, Nay, the thing is fo very eafy, 
and the end attainable in fo many ways, that 
there muft have been, in a very fhort time, a 
ereat variety of methods to impregnate water 
with fixed air, as there are now; and we 
fhould certainly have heard of artificial mineral 
waters being made according to them. It is 
impoflible not to conclude “fo, when we con- 
fider the time that has elapfed ‘lince the pub- 
lication of all the difcoveries that led to it. 

Dr, 
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Dr. Brownrige’s paper, giving an account 
of his difcovery of fixed air in the Spa water, 
was read at the Royal Society June the 13th 
1765, and was publifhed in 1766. This ex- 
cellent philofopher compleatly decompofed 
that mineral water, but he gives no hint of 
his having fo much as attempted to recompofe 
it, or of making a fimilar water, by impreg- 
nating common water with the fame volatile 
principle. It is fufficiently evident that he 
had not thought of this, though we may won- 
der that he fhould not have done it, becaufe 
he has not mentioned it as an object of: 
purfuit. 


In the year following, Mr. Cavendith’s 
valuable papers on the fubject of factitious air 
were publifhed. He. firft afcertained how 
much fixed air a given quantity of water could 
be made to imbibe; yet it does not appear 
that he ever thought of taffing the water, 
much lefs that he thought of making any 
pradical ufe of his difcovery. 


If any negative argument can be decifive, 
it is that in 1772, the very year in which my 
pamphlet came out, Dr. Falconer publifhed 
his excellent and elaborate treatife on the Bath 
waters, in which he treats very largely of 
mineral waters in general, and all their poffible 

impree™ 
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impregnations ; and yet, though he treats of 
fixed air as one ingredient in many of them, 
fee p. 185, he drops no hint about compofing 
fuch water, by imparting fixed air to com- 
mon water. Alfo on the 12th of September 
in the fame year, Dr. Rutherford publithed his 
ingenious Differtation on Fixed Air, in which he 
{peaks of the prefence of it in Pyrmont water, 
p- 3, but without giving the leaft hint of his 
being acquainted with any method of imitating 
them. And yet Dr. Nooth fays, in fact, that 
from the year 1766, at the lateft, various 
methods were contrived to effect the impreg- 
nation, though he allows that I was the only 
perfon who “ publifhed any defcription of an 
*¢ apparatus calculated entirely for this pur- 
wale,” 


According to this account of the matter 
there were, in the interval between 1766 and 
1772, a fpace of fix years, a-variety of me- 
thods for impregnating water with fixed air, 
fome of them prior to, and perhaps much 
better than mine (though he gives no hint of 
his own having been invented in that period, 
but fpeaks of it as fugeefted by the confider- 
ation of the imperfection of mine) but that I 
happened to get the ftart in the publication, 
Dr. Falconer, however, though the friend of 
Dr. Nooth (fee his Treatife on Bath Water, 

vol. 
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vol. 2. p. 323) had certainly never heard of 
any of thoic methods, or even of mine, at 
the very termination of that period ; and tho’ 

my own acquaintance with philofophical and. 
medical people is pretty extenfive, I never 
heard of any of the various methods that Dr. 

‘Nooth fpeaks of ; nay fince the publication of 
my method have I heard of any perfon what- 
ever having pretended to have done the fame 
thing before, though nothing i is more common 
than fuch claims, and very often on the moft 
trifling pretences. 


Mr. Venelle, indeed, immediately upon the 
tranflation of my pamphlet into French, which 
was within a few weeks after the publication 
of it in Englifh (owing to the laudable zeal of 
Mr. Trudaine, for promoting all philofophical 
and ufeful improvements) publifhed an extrac 
of his papers from the Memoires de Mathema- 
tique (5 ade Phyfique, to vindicate to himfelf not 
my difcovery, but, in fact, that of Dr. Brown- 
rige. However, what he pretends to have dif- 
covered was, that the virtues of the acidulous 
waters were owing to air, in general, without 
having any idea of the difference between fixed 
air and common air; fo that his difcovery was 
fo far from being ne fame with mine, that it 
could not poflibly have led into it. 3 


As 
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AsI have hitherto only publifhed the method 
of impregnating water with fixed air in a {mall 
pamphlet, for the uie of thofe who might chufe 
to reduce it into praétice, without giving any 
account of the manner in which the difcovery 
(if it deferves to be called one) was made, 


which has been my cuftom with refpeé& to every . 


thing elfe, I fhall do it here; and I hope the 
narrative will not be altogether difpleafing, as 
this bufinefs has gained fo much attention in 
all parts of Europe, as well as in England, and 
promifes in a fhort time to fave the very great 
expence of tranfporting acidulous waters to 
confiderable diftances, by fuperfeding, in a 
great meafure, the ufe of them. And though 
what I have done in this bufinefs has certainly 
the leaft merit poffible with refpect to znge- 
auity, 1 fhatl always confider it.as one of the 
bappieft thoughts that ever occurred to me ; 
becaufe it has proved to be of very fignal Jde- 
ueft to mankind, and will, I doubt not, be 


of much more confequence in a courfe of 
time, 


It was a little after Midfummer in 1767, 
that I removed from Warrington to Leeds; 
and living, for the firft year, in a houfe that was 
contiguous to a large common brewery, fo 
good an opportunity produced in me an in- 
clination to make fome experiments on the 

fixed 
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fixed air that was conftantly produced. in it. 
Had it not been for this circum nce, [fhould, 
probably, never have attended to the fubje& 
of air at all. Happening to have read Dr. 
Brownrigg’s excellent paper on the Spa water 
about the fame time, one of the firft things 
that I did in this brewery was to place fhallow 
veflels of water within the region of fixed air, 
on the furface of the fermenting veffels; and 
having left them all night, I generally found, 
the next morning, that the water had acquired 
a very fenfible and pleafant impregnation 
and it was with peculiar fatisfaction that I firft 
drank of this water, which I believe was the 
firft of its kind that had ever been tafted by’ 
man, 


This procefs, however, was very flow. But 
after fome time it occurred to me, that the 
impregnation might be accelerated, by pour- 
ing the water from one veflel into another, 
while they were both held within the {phere of 
the fixed air; and accordingly I found that I 
could do as much in about five minutes in this 
way, as I had been. able to do in many hours 
before. Several of my friends who vifited me 
while I lived in that houfe will remember my 
taking them into that brewery, and giving 
them a glafs of this artificial Pyrmont water, 
made in their prefence. Among others, I will 

take 
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take the liberty to mention John Lee, Efq; of 
Lincoln’s Inn, who was particularly ftruck 
with the contrivance, and the effect of it. 
This was in the fummer of the year 1768. 


One would naturally think, that having 
actually impregnated common water with fixed 
air, produced in a brewery, I fhould imme- 
diately have fet about doing the fame thing 
with air fet loofe from chalk, &c. by fome of 
the ftronger acids ; and I do remember that it 
did occur to me that the thing was poffible. 
But, eafy as the practice proved to be, no 
method of doing it at that time occurred to 
me. I ftill continued to make my Pyrmont 
water in the manner abovementioned till I left 
that fituation, which was about the end of the 
fummer 1768; and from that time, being en- 
gaged in other fimilar purfuits, with the refult 
of which the public are acquainted, I made 
no more of the Pyrmont water till the fpring 
of the year 1772. 


In the mean time I had acquainted all my 
friends with what I had done, and frequently 
exprefled my wifhes that perfons who had the 
care of large diftilleries (where I was told that 
fermentation was much ftronger than in corh- © 
mon breweries) would contrive to have veffels 
of water fufpended within the fixed air, which 

they 
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they produced, with a farther contrivance fot 
agitating the furface of the water; as I did 
not doubt but that, by this means, they might; 
with little or no expence, make great quantr 
tities of Pyrmont water; by which they might © 
at the fame time both fervé the Public, deel 
benefit themfelves. For I never had the moft 
diftant thought of making any ac variate of 
the fcheme myfelf.. 


In all this time, viz. flon 1767 to 1772; J 
never heard of any method of impregnating 
water with fixed air but that abovementioned: 
My thinking at all of reducing to practice any 
method of effecting this, by air diflodged from 
chalk, and other paeacae fubftances; was 
owing to a mere accident. Being at dinner 
with the Duke of Northumberland, in thé 
{pring of the year laft mentioned, his Grace 
produced a bottle of water diftilled by Dr. Ir- 
ving for the ufe of the navy. This watef 
was perfectly fweet, ‘but, like all difttiled 
water, wanted the brifknefs and {pirit of frefh 
{pring water ; whien it irnmeédiately occurred 
to me that I could eafily mend that water fot. 
the ufe of the navy, and perhaps fupply them 
with an eafy arid cheap method of preventing 
or curing the fea fcurvy, viz. by imprégna- 
ting it with fixed air. For having been bufy 
about a year before with my experiments on 

I air, 
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‘airy in the courfe of which I had afcertained 
the proportional quantity of feyeral kinds of 
air that given quantities of water would take 
up, I was at no lofs for the method of doing 
it in-general, viz. inverting a jar filled with 
water, and conveying air into it from bladders 
“previoufly filled with air. This fcheme I im- 
mediately mentioned to the Duke and the com- 
pany, who‘all feemed to be much pleafed with 
it, and expreffed their wifhes that I would at- 
tend to it, and endeavour ta reduce it into 
practice ; which I promiied to do, 


_ The next day I provided a {mall apparatus, 
adapted to ‘this purpofe, at my lodgings, 
which was very eafy, as it required no other 
veffels but fuch as are in conftant family ufe, 
and with this I prefently impregnated a quan- 
tity of the New River water, fo as to make it 
imbibe about its bulk of air. But I was far 
from having hit upon the eafeft method of do- 
ing it; for my jars were of an équal width 
throughout. However, with thefe veflels the 
proceis was compleated in about twenty mi- 
nutes, or half an hour, 


A few days after this, having an invitation 
to wait upon Sir George Savile, I carried with 
me a bottle of my impregnated water, and 
told him the ufe that might be made of it, 
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viz. that of fupplying a pleafant and whole- 
fome beverage for feamen, and fuch as might 
probably prevent or cure the fea-fcurvy. Sir 
George, with that warmth with which he 
_efpoufes every thing that he conceives to be 
for the public good, infifted upon writing a 
card immediately to Lord Sandwich, propofing 
to introduce me to-him, as having a ‘propofal 
for the ufe of the navy. As I could make no 
objection, the card was accordingly written, 
and an anfwer was prefently returned from his 
Lordfhip, informing us that he would be glad 
to fee us the next day. Upon this I drew up » 
fomething in the form of a propofal, which, 
accompanied by Sir George, I prefented to 
his Lordfhip, who promifed to lay it before the 
Board of Admiralty. | 


Prefently after this I had notice from the 
Secretary to the Board of Admiralty, that the 
College of Phyficians were appointed to examine 
my propofal, and to make their report of it 
to the Board, and an early day was: fixed for 
me to wait. upon them at their hall in. War- 
wick-Lane; where, before a very. full meet- 
ing, I produced a bottle of my impregnated 
water, and alfo, at their requeft, fetched my 
apparatus, and fhewed. them the manner in> 
which I had impregnated it. There were pre- 
fent feveral of the moft eminent phyficians. in 

London ; 
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Loidon; but both the /cheme, and the objef 
of it, appeared to be intirely new to every one 
of them; and moft of them feemed to be 
much pleafed with it. 


Accordingly, a favourable report was made 
to the Board of Admiralty, and I was ac- 
quainted by the Secretary, that the captains 
of the two fhips which were juft then failing 
for the South-Seas had orders to make trial of 
the impregnated water; and for their ufe I 
drew out my Dereéfions in writing, and fent a 
drawing of the neceffary apparatus. ‘The me- 
thod which I had now got into was a great 
improvement upon that which I had made ufe 
of before the College of Phyficians. For, in 
confequence of giving more attention to it, I 
had, by that time, brought it to the ftate in 
' which it is defcribed in the pamphlet. 


In the mean time, I had, before I left Lon- 
don, in the fpring of that year, made the ex- 
periment of the impregnation of water with 
fixed air in the prefence of moft of my philofo- 
phical acquaintance, and their friends, both 
at my own lodgings, and in other places. But 
upon none of thefe occafions did it appear that 
any of them had heard of any other perfon 
having had the fame thing in view. 


ae Laftly, 
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Lattly, I will obferve, that Sir John Pringle, — 
in his Difcourfe on different kinds of air (in 
which he has, with the greateft exaétnefs, 
afligned to every perfon concerned in thefe 
difcoveries their due fhare of ‘praife) gives na 
hint of his being acquainted with any other 
method of impregnating water with fixed air, 
than that which I had publifhed. He certainly 
had not heard of any of thofe to which Dr. 
Nooth alludes. 


As I have not to this day, directly or indi- 
rectly, made the leait advantage of this {cheme; 
but, on the contrary, am juft fo much a lofer 
by it as the experiments coft me, I think it is 
not too much for the Public to allow me, 
what I believe is ftrittly my due, the fole merit 
of the difcovery 5 which with refpect to ingenuity, 
or fagacity, is next to nothing; but with re- 
fpect to its utility is, unqueftionably, of un- 
{peakable value to my country and to man. 


kind 8 
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Pisce eater iade 


“Pirnections for impregnating WATER 
with FixED AIR, 


Sect. 1. The Preface to the Direbtions as firf 
publijhed. | 


The method of impregnating water with 
fixed air, of which a defcription is given in 
this pamphlet, I hit upon in a courfe of expe- 
riments, an account of which was lately com- 
municated to the Royal Society ; containing 
‘obfervations on feveral different kinds of air, 
with only a hint of the method of combining 
this particular kind with water or other fluids. 
Judging that water thus impregnated with 
fixed air muft be particularly ferviceable in 
long yoyages, by preventing or curing the 
fea-fcurvy, according to the theory of Dr. 
Macbride, and all the Phyficians of my ac- 
quaintance concurring with me in that opi- 
nion, I made the firft communication of it to 
the Lords of the Admiralty, who referred. me 
‘to the College of Phyficians ; and thofe gen- 
tlemen being pleafed to make a report favour- 
able to the feheme, a trial has been ordered to 
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be made of it on board fome of his majefty’s 
fhips.. To make this procefs more generally 
known, and that more frequent trials may be 
. made by water thus medicated, at land as well 
as at fea, I have been induced to make the pre- 
fent publication. 


Sir John Pringle firft obferved, that putre- 
faction was checked by Act ah A and Dr. 
Macbride difcovered that this effect was pro- 
duced ‘by the fixed air which is generated in 
that procefs, and upon that principle recom- 
mended the ufe of wort, as fupplying a quan- 
tity of this fixed air, by fermentation in the 
{tomach, in the fame manner as it is‘done by 
frefh vegetables, for which he, therefore, 
thought that it would be a fubttitute; and ex- 
perience has confirmed his conjecture, Dr. 
Black. found that lime-ftone, and all calcareous 
fubftances, contain fixed air, that the pre- 
‘Yence of it makes them what is called mild, 
and that the deprivation of it renders them 
cauftic ; Dr. Brownrigg farther difcovered that 
Pyrmont, and other mineral waters, which 
have the fame acidulous tafte, contain a confi- 
derable proportion of this very kind of air, 
and that upon this their peculiar fpirit and vir- 
ties depend ; and I think myfelf fortunate in 
having hit upon a very eafy method of commu. 
nicating this air to any kind of water, or, in- 
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deed, to almoft any fluid fubftance. In -fhort, 
by this method this great antifeptic principle 
may be adminiftered in a variety of agreeable 
vehicles. 


If this difcovery (though it doth not deferve 
that name) be of any ufe to my countrymen, 
and to mankind at large, I fhall have my re- 
ward. For this purpofe I have made the com- 
munication as early as I conveniently could, 
fince the lateft improvements that I have made 
in the procefs; and I cannot help expreffing 
my wifhes, that all perfons, who difcover any 
thing that promifes to be generally ufeful, 
would adopt the fame method. 


SeetT. 2. The Direfions. 


If water be only in contact with fixed air, 

it will begin to-imbibe it, but the mixture is 
greatly accelerated by agitation, which is con- 
tinually bringing frefh particles of air and 
water into contact. All that is neceffary, there- 
fore, to make this procefs expeditious and ef- 
fectual, is firft to procure a fufficient quantity 
of this fixed air, and then to contrive a method 
by which the air and water may be ftrongly 
-agitated in the fame veffel, without any danger 
‘of admitting the common air to them ; and this 
| ges is 
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is eafily done by firft filling any veffel with 
water, and introducing the fixed air to It, while 
it ftands inverted in another veffel: of “water. 
That every part of the procefs may be as in- 
telligible as poffible, even to thofe who hav 
no previous knowledge of the fubjeét, 1 Mall 
defcribe it very minutely, ' fubjoining feveral 
remarks and obfervations’ relating to’ varieties 
in the procels, and other things of a i mifcella- 
neous natures. o> 3 ‘£207 


Z he Rseesnr ation, 


Take a olafs veflel, 2, pl.2.fig. 1. with a pret- 
ty narrow neck, but f% formed that’s it will ftand 
upright with its mouth downwards, and having’ 
filled it with water, lay a flip of clean paper, 
or thin pafteboard, upon it. Then, if they 
be prefled ‘clofe together, the vetlel may be 
turned upfide down, without danger of ad- 
mitting common air into it; and wher it Is 
thus invested! it muft be placed in another 
-vefiel, in the form of a bowl or bafon, 2, with 
a little water in it, fo much as to permit the 
flip of paper or pafteboard to’ be withdrawn, 
and the end of the pipe ¢ to be ityaduced. 


This pipe mutt be fexible, rat air-tight, 
for which poe t ‘es J believe, beft made 
| of 
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of leather, fewed with a waxed thread, in the 
manner ufed by fhoe-makers. Into each end 
of this pipe a piece of a quill fhould be thruft, 
to keep them apen,; while one of them is in- 
troduced into the veffel of water, and the other 
into the bladder d, the oppofite end of which 
is tied round a cork, which muft be perforated, 
the whole being kept open by a quill; and the 
cork mutt fit a phial e, two thirds of which 
fhould be filled with chalk juft covered with 
water. 


I have fince, however, found it moft con- 
venient to ufe a gla/s tube, and to preferve the 
advantage which I had, of agitating the veffel e, 

{ have two bladders, communicating by a per- 
forated cork, to which they are both tied. For 
one bladder would hardly give room enough 
for that purpofe. 


The Procefs. 


Things being thus prepared, and the phial 
containing the chalk and water being detached 
from. the bladder, and the pipe alfo from the 
veflel of water, pour a little oil of vitriol upon 
the chalk and water; and having carefully 
prefied all the common air out of the bladder, 
put the cork into the bottle prefently after the 


y I effer- 
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veffervefcence has begun. \ Alfo prefs the blad- 
‘der once more after a little of the newly gene- 
rated air has got into it, in order the more 
effectually to clear it of all the remains of the 
common air; and then introduce the end of the 
pipe into the mouth of the, vefiel of -water as 
in the drawing, and begin to agitate the chalk 
and water brifkly. This will prefently pro- 
dute a confiderable quantity of fixed air; which 
‘will diftend:the bladder ; and this being prefted, 
the air will force its way through the pipe, and 
afcend into the veffel of water, the water at the 
fame time defcending, and’ coming into; the 


bafon. 7 > 


When about one half of the water is forced 
out, let the operator lay his hand upon the 
_ ‘eppermott part of the veffel, and fhake it as 
brifkly as he can, not to throw the water out 
of the bafon; and in a few minutes the water 
will abforb the air, and taking its place, will 
nearly fill the veffel as at the firft. Then fhake 
the phial containing the chalk and water again, 
and force more air into the veffel, till, upon 
the whole, about an equal bulk of air has been 
thrown int® it. Alfo fhake the water as -be- 
‘fore, till no more of the air can be imbibed. 
Ads foon as this is perceived to be the cafe, the 
water is ready for ufe; and if it be not ufed 
immediately, fhould be put into a bottle. as 
| 7 foon 
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foon as. poffible, well corked, and cemented. 
{t will keep, however, very well, if the bottle 
be only well corked, and kept with the mouth 
downwards. 


Observations. 

4. The bafon may be A ea inverted upor 
the veffel full of water, with a flip of paper 
between them, and then both turned upfide 
down together; but ali this trouble will be 
faved by having a larger veffel of water, in 
which both of them may be immerfed. | 


2. If the veffel containing the water to be 
agitated be large, it may be moft convenient 
firft to place it inverted, in a -bafon full of 
water, and then to draw out the common air 
by means of a fyphon, either making ufe of 
a fyringe, or drawing it out with the mouth. 
In this cafe, alfo, fome kind of handle fhould 
be faftened to the bottom of the veffel, for the 
amore eafy agitation of it. 


9. A narrow mouthed veffel is not neceffary, 
ut it is the moft proper for the purpofe, be- 
caufe it may be agitated with lefs danger of 
the common air getting into it, 


4. The 
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4. The flexible pipe is not neceflary, though 
I think it is exceedingly convenient. When 
it is nat ufed, a bent tube, a, fig. 2. (for which 
glafs is the moft proper) muft be ready to be 
inferted into the hole made in the cork, when 
the bladder containing t the fixed air is ouavand 
from the phial, in which -it was generated, 
-The extremity of this tube being g put under the 
veflel of water, and the bladder being com- 
preffed, the air will be conveyed into it, as 
before. 


5. If the ufe of a bladder be objected to, 
though nothing can be more inoffenfive, the 
phial containing the chalk and water muft not 
be agitated at all, or with the greateft caution ; 
unlefs a fmall phial, a, fig. 3. be interpofed 
between the phial and the ‘veflel: of water, in 
the manner teprefented in the drawing, For 
by this means the chalk and water that may 
be thrown up the tube 4 will lodge at the bot- 
tom of the phial z, while nothing but the air 
will get into the pipe c, and fo enter the water. 
If the tube 4 be made of tin or copper, the 
{mall phial a will not need any other fupport, 
the cork into which the extremities of both 
the tubes are inferted being made to fit the 
ee very site se 


6. The 
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6. The phial e, fig. 1. fhould always bé 
placed, or held, confiderably lower than the 
veffel 4, that if any part of the mixture fhould | 
be thrown up into the bladder, it may, remain 
in the lower part of it, from which it may be 
_ eafily preffed back again, “T his, however, is 
not neceflary, fince if it remain in the lower 

art of the bladder, nothing but the pure air 
_ will get into the pipe, and fo into the water, 


”. If much more than half of the veffel be 
filled with air, there will not be a body of 
water fufficient to agitate, and the procefs will 
take up much more time. 


8. If the chalk be too finely powdered, it 
wibl yield the fixed air too faft. 


9. After every procefs, the water to which 
the chalk is put muft be changed. 


10. It will be proper to fill the bladder with 
water once every day, after it has been ufed, 
that any of the oil of vitriol which may have 
got into it, and would be in danger of cor- 
roding it, may be gg diluted. 


11. The vefiel, which I have generally made 
ufe of, holds about three pints, and the phial 
containing the chalk and water is one of ten 

ounces ; 
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ounces 5, and [ find that a little more than a 
tea-{poonful of oil of vitriol is fufficient to 
produce as much air as. will impregnate that 
quantity of water. 


12. If the veffel containing the water be 
larger, the phial containing the chalk and the 
oil of vitriol fhould either be larger in pro- 
portion, or frefh water and oil of, vitriol muft 
be put to the chalk, to produce the requifite 
quantity of air. 


13. In general, the whole procefs does not 
take up more than about a quarter of an hour, 
the agitation not five minutes ; and in nearly 
the fame time might a veffel of water, con- 
taining two or three gallons, or indeed any 
quantity that a perfon could well fhake, be 
impregnated with fixed air, if the phial con- 
taining the chalk and oil of vitriol, be larger 
in the fame proportion, 3 

14. To give the water as much air ag it can 
receive in this way, the procefs may be repeated 
with the water thus impregnated. I generally 
chufe to do it two or three times, but. very 
little will be gained by repeating it oftener ; 
fince, after fome time, as;much fixed air will 
efcape from that part of the furface of the 

2 | water 
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water which is expofed to the common. air, asi 
can be imbibed from within the veffel. 


15. All calcareous fubftances contain fixed 
air, and any acids may be ufed’in order to fet 
it loofe from them; but chalk and oil of vi- 
triol are, both of them, the cheapeft, and, 
upon the whole, the beft for the purpofe. | 


16. It may poffibly be imagined that part 
of the oil of vitriol is rendered volatile: in: this 
procefs, and fo becomes mixed with the water ; 
but it does not appear, by the moft rigid’ chy- 
mical examination, that the leaft perceivable 
quantity of the acid gets into the water in this 
way; and if fo fmall a quantity as a fingle 
drop of oil of vitriol be mixed with a pint of 
water (and a much ereater quantity would be 
far from making it lefs wholefome) it. might 
be difcovered. The experiments which were 
made to afcertain this fact were made with 
diftilled water, the difagreeable. tafte of which; 
is not taken off, in any degree, by the mixture: 
of fixed air. Otherwife, diftilled water, being: 
clogged with no foreign principle, will imbibe. 
fixed air fatter, and retain a greater quantity of 
it than other water. In the experiments that: 
were made for this purpofe, I was affifted: by: 
Mr. Hey, a furgeon in Leeds, who: is well 

{killed 
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fkilled in the methods of examining the pro- 
perties of mineral waters. ; 


17. Doctor Brownrigs, who, made his expe- 
. riments on Pyrmont water at the {pring head} 

never found that it contained fo much‘as one 
half of an equal bulk of air; but in this me- 
thod the water is eafily made to imbibe an. 
equal bulk. For it muft be obferved, that # 
confiderable quantity of the moft foluble part 
of the air is incorporated with the water, a8 
it firft afcends through it, before it occupies 
its place in the upper part of the vefiel. 


18. The heat of boiling water will expel all 
the fixed air, if a phial containing this im- 
pregnated water be held in it; but it will often 
require above half an hour to effect it com- 


pleatly. 


ig. If any perfon would chufe to make this: 
medicated water more nearly to refamble ge- 
nuine Pyrmont water, Sir John Pringle in- 
forms me, that from eight to ten drops of 
Tinétura Martis cum fpiritu falis mult be mixed 
with every pint of it. It is agreed, however; 
on all hands, that the peculiar virtues of Pyr- 
mont, or any other mineral water which has 
the fame brifk or acidulous tafte, depend not. 
upon 
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upon its being a chalybeate, but upon the 
fixed air Ci icle) it contains. 


But water impregnated with fixed air does 
of itfelf diffolve iron, as the ingenious Mr. 
Lane has difcovered ; and iron filings put to 
this medicated water make a ftrong and agree- 
able chalybeate, fimilar to fome other natural 
chalybeates, which hold the iron in folution 
by means of fixed air only, and not by means 
of any acid ; and thefe chalybeates, I am in- 
formed, are generally the moft agreeable to the 
ftomach. 


20. By this procefs may fixed air be given 
to wine, beer, and almoft any liquor whatever : 
and when beer is become flat or dead, it will 
be revived by this means; but the delicate 
agreeable flavour, or acidulous tafte commu- 
nicated by the fixed air, and which is manifeft 
in water, will hardly be perceived in wine, or 
other liquors which have much tafte of their 
own. 


21. 1 would not interfere with the province 
of the phyfician, but I cannot intirely fatisfy 
. myfelf without taking this opportunity to fug- 
geft fuch hints as have occurred to myfelf, or 


my friends, with refpect to the medicinal ufes 
of 
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of water impregnated with fixed air, and alfo 
of fixed air in other applications. 


In general, the difeafes in which water im- 
preenated with fixed air will moft probably be 
ferviceable, are thofe of a putrid nature, of 
which kind is the fea-fcurvy.. It can hardly 
be doubted, alfo, but that this water muft have 
all-the medicinal vittues of Pyrmont water, 
and of other mineral waters fimilar to it, 
whatever they be; efpecially if a few iron 
filings be put to it, to render it a chalybeate, 
like cenuine Pyrmont water. It is poffible, 
however, that, in fome cafes, it may be de- 
firable to have the fixed air of Pyrmont water, 
without the irom which it contains. 


Having this opportunity, I fhall alfo hint 
the application of fixed air in the form of 
clyfters, which occurred to me while I was at- 
tending to this fubject, as what promifes to be 
ufeful to correét-putrefaction in the inteftinal 
canal, and other parts of the fyftem to which 
it may, by this channel, be’conveyed. It has 
been tried once by Mr, Hey above-mentioned, 
and the recovery of the patient from an alarm- 
ing putrid fever, when the ftools were become 
black, hot, and very fetid, was fo circum- 
ftanced, that ft is not eaparanle but that it 
might be owing, in fome meafure, to thofe 
clyfters. 
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clyfters. The application, however, appeared 
to be perfectly eafy and fafe. 


I cannot help thinking that fixed air might 
be applied externally to good advantage in 
other cafes of a putrid nature, even when the 
whole fyftem was affected. There would, be 
no difficulty in placing the body fo, that the 
ereateft part of its furface fhould be expofed 
to this kind of air; and if a piece of putrid 
flefh will become firm and fweet in that fitu- 
ation, as Dr. Macbride found, fome advan- 
‘tage, I fhould think, might be expected from 
the fame antifeptic application, affifted by the 
vis vite, operating internally, to counteract the 
fame putrid tendency. Some Indians, I have 
been informed, bury their patients, labouring 
under putrid difeafes, up to the chin in frefh 
mould, which is alfo known to take off the 
foetor from flefh meat beginning to putrify. 
If this practice be of any ufe, may it not be 
owing to the fixed air imbibed by the pores of 
the fin in that fituation? Following the plough 
is alfo an old prefcription for a confumption, 
as alfo is living near lime kilns. ‘There is 
often fome good reafon for very. old and long 
continued: practices, though it is frequently 
along time before it be difcovered, and the 
rationale of them fatisfactorily explained. 


ys Being 
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Being no phyfician, I run no rifque by 
throwing out thefe random hints and con- 
jectures. I fhall think myfelf happy, if any 
of them fhould be the means of making thofe 
perfons, whom they immediately concern, at-, 
tend more particularly to the fubject. My 
friend Dr. Percival has for fome time paft been 
employed in making experiments on fixed air, 
and he is particularly attentive to the medi- 
cinal ufes of it, and from his knowledge as 
a philofopher, dna fkill in his ptofeffion, I 
have very confiderable expectations. 


PART 
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BARS | T. 


Of Dr. Nooru’s Obdjeétions to the preceding 
Method of impregnating Water with fixed Air, 
and a Comparifon of it with bis own Method, 
both as publifbed by himfelf, and as improved 
by Mr. PARKER. 


I can eafily forgive Dr. Nooth for his repre- 
fenting me as having no other merit than the 
Jirft publication of the method for impregnating 
water with fixed air, accounting for it as I 
have done before; but I cannot fo eafily for- 
give another paragraph in his paper, the ten- 
dency of which is intirely to difcredit a me- 
thod, which, though it is, in fome refpects, © 
inferior to his own, has neverthelefs its pecu- | 
liar advantages: and every advantage cannot 
poffibly concur in any one method. He fays, 
p. 59, ‘* Independent of the inconveniencies 
** attending the procefs, there was another ob- 
“ jection to the apparatus, which, with moft 
** people, might have confiderable weight. 
“© The dladder, which formed part of it, was 
“ thought to render the water offenfive, and 
“* when the folvent power of fixed air is con- 
** fidered, it will not appear improbable, that 

Ya “© the 
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the water would be always more or lefs 
© tainted by the bladder. In fome trials which 
I made with Dr. Prieftley’s apparatus, it 
always happened that the water acquited an 
urinous flavour; and this tafte was, in ge- 
neral, fo predominant, that it could not be 
fwallowed without fome degree of reluc- 
¢stanee.’ 


That Dr. Nooth did produce an impreg- 
nated water which he could not {wallow with- 
out reluctance, and even that, in the trials to 
which he refers, he generally produced fuch 
water, I am far from doubting; becaufe that 
might happen from various caufes. But that 
the urinous flavour came from the bladder, as 
fuch, I will venture to fay is not poffible. For 
then it would always have had the fame effect; 
and not only myfelf have never perceived fuch 
a flavour as the Doétor complains of, but this 
is the only complaint of the kind that I have 
hitherto heard of; though many perfons of the — 
moft delicate tafte, and particularly many la- 
dies, have ufed the water impregnated in my 
method for months together. Few perfons 
have had to do with bladders, and fixed air 
confined in bladders, more than myfelf, and 
yet I have never feen any reafon to fufpect this 
great foluent power of fixed air with refpect to 

them; 
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them; efpecially fo as to be apparent in the 
fpace of a few minutes. 


But fuppofing the fixed air to be capable of 
diffolving the whole bladder, and to carry it 
along with itfelf into the impregnated water, . 
no phyfician, or philofopher, will pretend to 
fay that it could have any more tendency to 
give it an wrinous. flavour, than if it had been 
any other membrane of the animal body. 


Indeed, as the Doctor himfelf does not pre- 
tend to fay that this ftrange urinous flavour 
was the effect of a// the impregnations of water 
made in my method, but only in /ome of them 
(though it was generally fo, in thofe particular 
trials) it is evident, from his tacit confeffion, 
that it muft have been an accidental thing, and 
could not have come from the bladder, which 
I fuppofe he made ufe of in all trials. For he 
-has not done me the juftice to acknowledge 
that, in my pamphlet, among the various me- 
thods of effecting the impregnation of water, I 
have defcribed one in which no bladder is made 
ufe of. When the Doctor fhall once more 
produce this urinous flavour (and as a new 
and curious experiment, it is certainly worthy 
of his farther inveftigation) taking care that no 
carelefs fervant fhall have mixed any urine in 
| Uz the 
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the water that he calls for, I thall give this 
new objection to my procefs a farther examina- 
tion. At prefent I am inclined to confider 


this as an experiment of the fervant, rather 
than of the Doétor himfelf. 


Several perfons baie thought that fixed. air 
difcharged from iipure chalk gives the water that 
is impregnated with it a difagreeable flavour, 
but this I have never obferved myfelf; and 
any other calcareous matter may be ufed in my 
method, as well as in that of Dr. Nooth, who 
recommends chalk, as the beft upon the whole. 


J fhall conclude thefe animadverfions with 
doing what Dr. Nooth ought to have done be- 
fore me, viz. fairly ftating the advantages 
and difadvantages of our two methods. His 
method requires /e/s /kil/ in the operator, and a, 
lefs conftant attention. It is allo more elegant 
and cleanly, | mean with refpect to the ope- 
vator; for this does not at all affect the zm- 
presnated water. On thefe accounts I gene- 
rally recommend and make ufe of his method: 
myfelf, efpecially as the glaffes are made with 
improvements by Mr. Parker, But if. Dr. 
Nooth be candid, he muft acknowledge that 
my method requires much /e/s time, and is much 
lefs expenfive ; and therefore muft be more pro- 


per 
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per when a great quantity of impregnated 
water is wanted ; and efpecially when there is 
but little room to make it in, 


My method indeed requires a conftant at- 
tendance, but I queftion whether, upon the 
whole, more than is neceflary to be given to 
Dr, Nooth’s method at intervals, if the water 
be at all agitated ; confidering that mine 
does not require one-tenth part a the time. 
And though my method requires fome little 
fill and addre(s, it is aot fo much, but that 
many perfons, altogether unufed to exper’- 
ments, have, to my knowled ze, ‘fucceeded 
in it very well, and have made the impreg- 
nated water in a conftant way for their family 
ufe, and without any affiftance befides what 
they got from the printed. dire¢tions. My ap- 
paratus cofts little or nothing, becaufe no vei- 
fels are made for the purpofe, and both the 
chalk and the acids are made to go as far as 
poffible, by means of the convenient agita- 
tion of the vefiel in which they are contained. 
Whereas Dr. Nooth’s method requires a pecu- 
liar and expenfive apparatus, and more wafte _ 
is unavoidable in the ufe of it. However, for 
the reafons abovementioned, |] have never re- 
commended my own method for the ufe of a 
family fince. I have been acquainted with his. 

What 
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What I have faid above is rather applicable 
to the apparatus as it is made by Mr. Parker, 
than to that which Dr. Nooth: has defcribed. | 
For Mr. Parker’s glaffes are, in my opinion, 
confiderably improved from thofe of Dr. 
Nooth. It may be faid that the improvements 
conlift in “ttle things; but little things may 
have great effects ; and, after the difcovery of 
the jirft method of accomplifhing this end, all 
fubfequent methods may be called little things ; 
and they may be endlefsly diverfified, without 
_ any great claim of merit. I have feen feveral 
very ingenious methods fince the publication 
of mine, though none that I like fo much, 
upon the whole, as that of Dr. Nooth, im- 
proved by Mr. Parker. 


In Dr. Nooth’s apparatus, if any more air 
than is wanted be produced, the water will 
run out of the uppermoft-veffel. To ufe his 
own words, p. 63,:°“¢ Should more air be ex- 
“* tricated than is fufficient, in the condué of 
“ the procefs, to fill that veffel, the water will 
“* run over the top of it, and will continue to 
** run as long as any air afcends in the middle 
“* veffel, or till the furface of the water is be- 
low the extremity of the bent tube; and in 
this cafe the whole would be wet and dif- 
-* agreeable.” But this difagreeable confe- 

quence 
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quence can never happen in the ufe of Mr. 
Parker’s glaffes, becaufe the bent tube in 
which the uppermoft veffel terminates is made 
of fuch a length, that the water expelled from 
the middle veffel can do no more than nearly 
fill the uppermoft, and can never run over; 
fo that whereas Dr. Nooth’s apparatus requires 
a conftant attendance, Mr. Parker’s requires 
none, The materials being once put into it, 
the procefs will go on of itfelf, without any 
farther care; unlefs the operator fhould chufe 
to accelerate the impregnation by now and’ 
then letting out the air that is not eafily ab- 
forbed, and by agitating the water. This I 
think to be a confiderable advantage gained 
by a very eafy contrivance of Mr. Parker’s, 
overlooked by Dr. Nooth, 


Mr. Parker derives another confiderable ad- 
vantage from a channel which he cuts in the 
ftopper of his uppermoft veffel, or from a 
ftopper with a hole through the middle, which 
Dr. Nooth has not in his; fo that either the 
operator muft be careful to take it out during 
the effervefcence, or it will be driven out, or . 
fome of the veffels will burft, to the great dan- 
ger of the by-ftanders; which actually hap- 
pened in one made by Mr. Parker, before he 
thought of this method to prevent it. Whereas, 

4 through 
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through the channel in Mr: Parker’s apparatusy 
the common air eafily efcapes from the upper- 
moft veflel, to make room for the water te 
afcend; and when, in the continuance of the 
procefs, the fixed air rifes through the bent 
tube into the uppermott vefiel, it lodges upon 
the furface of the water in it; and the com- 
munication between it and the common air 
being fo much obftructed, they are fufficiently 
feparated; fo that even the water in the up- 
permoft veffel has (if the production of air be 
copious) almoft as much advantage for. re- 
ceiving the impregnation, as.that in the middle 
vefiel. This advantage Dr. Nooth lofes. 


Alfo, when he chufes to pant the two 
uppermoft veffels from the loweft, in order to 
agitate the water, he muft either leave the 
mouth of the uppermoit veffel. open, in tie 
cafe he can hardly agitate the water at all, 

(as. he prefers to do it) he muft put the aon 
in, and confequently admit the common air to 
pats his valve, and mix with the fixed air, 
which muft greatly retard the abforption of it: 
whereas Mr. Parker’s veffels may be agitated 
with the ftopper in, which, admitting the com- 
mon air into the upper vefiel, through the chan- 
nel cut in it (or through the hole of the ftopper) 
permits the water. to defcend into the lower, on 
the 
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the furface of which nothing but fixed air is 
incumbent. Should any common air enter by 
the valve, which in this cafe it hardly would, 
the finger of the perfon who fhakes the veffel 
may eafily be placed fo as to prevent it. 


Laftly, I confider it as a valuable improve- 
ment in Mr. Parker’s apparatus, that, by 
means of the openings into the middle and 
loweft veffels, clofed with ground ftopples, the 
operator is enabled to draw off his water, in 
order to tafte it occafionally, or to add to his 
oil of vitriol or chalk, &c. at pleafure, with- 
out giving himfelf the trouble of feparating the 
vefiels from one another for thofe purpofes. 


The firft apparatus that I faw of Mr. Par- 
ker’s had no valve at all, but only a glafs 
{topple, with one or more fimall perforations, 
for the afcent of the air into the middle veffel. 
This I ftill generally make ufe of, without 
findihg any occafion for a valve; the afcent 
of the fixed air fufficiently preventing the de- 
{cent of the water, as long as the procefs con- 
tinues, efpecially when pounded marble is 
ufed. This fubftance Dr. Franklin recom- 
mended to me, and I give it the preference ~ 
very greatly to chalk, chiefly on account of 
the length of time that is required to expel the 

air 
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air from it: For anuieee any fireth a ty 
will often continue to yield air for feveral 
days. together. 


That thofe perfons who are not poffeffed of 
the Englith Pbilofophical. T: ranfattions, and 
particularly foreigners, may underftand what 
has preceded, I fhall in the third plate, in this 
volume, give a drawing of Dr. Nooth’s appa- 
ratus, as es by Mr. Parker, with the 
following general defcription of it, 


In the loweft veftel, the chalk or marble, 
and the water’ acidulated with oil of vitriol, 


muft be put, and into the middle veffel the 


water to be impregnated, During ‘the effer- 
vefcence, the fixed air rifes into the middle 
veffel, and refts upon the furface of the water 


in it, while the water that is difplaced by the 


‘alt rifes through the bent tube into the upper- 
moft veffel, the common ‘air song out through 


the channel ih the ftopple. When the fear 


tube is of a proper. length, the procefs re- 
quires no attention; and if the production 
of air be copious, the water will generally be 
fufficiently impregnated i in five or. fix hours. 
At leaft, all the attention that needs be given 
to it is to. raife the uppermott veffel once or 
twice, to let out that part of the fixed air 


which | 
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which is not readily abforbed by water. If 
the operator chufe to accelerate the procefs, 

by agitating the water, he muft feparate the 
two uppermoft veffels from the loweft. For 
if he fhould agitate them all together, he will 
occafion too copious a production of air; and 
he will alfo be in danger of throwing the li- 
quor contained in the loweft veffel into contaét 
with the {topple which feparates it from the 
middle veffel, by which means fome of the of 
of vitriol might get into the water. 


SE C- 
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SECTION ‘XVI. 
An Account of fome Mifreprefentations of the 
Author's Sentiments, and of fome Differences 
of Opinion with relpett to ihe Subject of Air. 


J have always flattered myfelf, and the opi- 
nion of others has concurred to confirm me in 
the perfuafion, that my writings were very in- 
telligible, fo that few perfons could well mif- 
take my meaning; and indeed I have no reafon 
to complain of my countrymen in this. refpect. 
But I have been fingularly unfortunate with 
refpect to foreigners; owing, I fuppofe, ta 
their not underftanding the E nelifh laneuage. 
For it cannot be that philofophers, and thofe 
whom I confider as my fellow-labourers in 
thefe refearches, fhould have given fo little at- 
tention to this bufinefs, as to have mifrepre- 
{ented my meaning fo grofsly as they have 
done, either through a hafty perufal of my wri- 
tings, or {uch an ignorance of the fubject, as 
rendered them incapable of underftanding me ; 
much lefs can it be fuppofed that any of. them 
would wilfully mifreprefent my meaning, _ 


ae | 3 Such, 
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Such, however, is the fat, that, I believe 
ae example can be pi reduced of any perion 
whofe meaning has been fo egregioufly mif- 
_taken as mine has been,..and even by philofo- . 
_phers, and writers of great reputation, whofe 
-works will. neceffarily go: into many. hands, . 
and: confequently give a very unjuft and very | 
unfavourable idea “of iny fentiments. I think 
proper, therefore, in this feétion, to enume- 
‘rate, in as brief a manner, as I poffibly. can, 
not a/l the miftakes that have been made by all 
thofe who have undertaken to give an account 
vof my experiments, for then I muft have made: 
sea book upon the fubject, but thofe of a few 
writers of reputation. 


_ That I do not exaggerate in what I have faid 
above, will not be thought incredible by my 
-reader, when I inform him that in Mr. Ro- 
fier’s tranflation of my firft papers, communi-_ 
cated to the Royal Society, which made no. 
more than a quarto pamphlet, the French 
tranflator, of the former volume of this work 
told me (for I have never had ‘patience to read _ 
it myfelf ) that he had noted fourfcore faults. 
which affected the fenfe, exclufive of inaccura-. 
cies of ftyle. Thefe fourfcore faults I thall 
therefore intirely pafs over; having, Ihope, faid 
enough to caution my reader not to look into 
that work for an account of any thing that I 
have faid or done. I thall not even think it 
x worth 
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worth while to note all the miftakes of Mr. La- 
voifier, and I fhall be'as concife as poffible in my 
remarks, exhibiting what I have been reprefented 
as faying in one column, and what I have really 
{aid in another. ~ Mr. Lavoifier’s work is intitled, 
Opufcules Phyfiques {8 Chymiques, and will foon 
be publifhed inEnghith; Sig. Landriani’s is called 


Ricerche Lifiche intorno alla falubrita dal? aria. 


Mr. Lawoifier’s Account of my 


Experiments and Ob/serwations. 


Monf- Prieftley, p. 111, af- 
ferts a fact which would prove 
that fixed air is not heavier 
than common air; faying that 
a candle will continue to burn 
in a veflel plunged into an 
atmofphere of fixed air with 
its mouth wpwards. 


P.112, he fays that gun- 
powder has this peculiar pro- 
perty, that being fired in fixed 
air, the whole of it will in- 
corporate with that air, and 
that no part of it will efcape 
into the common air. ~ 


~P.i14, Monf, Prieftley af- 
ferts as an extraordinary faét, 
that fixed air diminifhed by 
iron filings and brimitone 1s 
not noxious to animals, and 
that it does not differ’ ftom 
common air. 


* 


e in ¥ 


a 


The true Account of them. 


Onthecontrary,I faid,p.27, 
that the veffel had its mouth. 
downwards ; from whicha con- 
trary conclufion will follow. 


Ihave only faid that this 
would be the cafe when the 
quantity of gunpowder was 
very {mall, and the body of 
fixed air on the furface of the 
fermenting liquor very ftrong. 


‘ 


What I have faid, P+ 42; is. 
that, in one cafe only, a quan- 
tity of this* air ~was ‘not very 
noxious. to animals; and I] at- 
tribute that degree of whole- 
fomene{s in this air to my ha- 
ving inadvertently agitated it 
in water, at a time whew I 


was hot. aware-of the effec of 
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P. 115, One of his expe- 
timents would feem to prove 
that there is an acid in fixed 
air, whereas others of his ex- 
periments contradict that opi- 
nion. ori fai 


P. 116, Snails die imme- 
diately and tebgcatenataly: in 
fixed air. 


P. 119, He transferred very 
hot air into a receiver, and 
having placed a candle in it, 
found that it burned as well 
as in cold air. 


Pp. 122, ra air 
long agitated in water _ap- 
pears to differ in nothing from 
common air. 


Ib. Inflammable air fom 
oak has this peculiar quality, 
that water can abforb one half 
ef it. 


- but that, 
air, it did not appear to be 
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fuch agitation; and in the 
fame place I obferve, that in 
another quantity of fixed air, 
which had undergone the fame 
procefs, a moufe died ioe 
_ foon. , 


The other experiments are 
thofe of Mr. bt which were 
not imtended Di that 
fixed: air. is not/amacid; but 
that water impregnated wich 
itis notemade acid: by:any of 
the oil of vitriol beingrendered 
bey gis and ween, theo it. 


Hye 


sd ait: ‘mentioned a. of si 
experiment, p. 30, with one 
particular {nail. 


In reality I only put the 
candie (fee p. 49) into air that 
had been made very hot, but 
which was then quite cold, 


I faid, p. 68, that a candle 
burned in this air as in com- 
mon air, only more faintly; 
by the teft of nitrous 


near fo gcod as common air; 
and that by longer agitation 
it extinguifhed a candle. 


I only faid, p. 69, that I 
made a particular experiment 
with a quantity of this air, 
after having agitated it in 
water till it was diminifhed 
about one half. How much 
more it might have been di- 

Z 
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P. 123. Inflammable ait 
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minifhed, by longer agitation, 
I did not fay. 


I only faid, p. 61, that 


does not injure the growth of plants grew pretty well in one 


plants. 


P. 12, Air injiired by te= 
fpiration approaches to the 
tate of fixed air, becaufe it 
can combine with lime; but 
it diftersfrom it, becaufewhen 


mixed with common air it di+ 


minifhes the bulk of it: 
whereas fixed air incréafes it. 
It is alfo not abforbed by 
water, like fixed air. 


\ 


P. 130, He has made a 
great number of experiments, 
which fhew that plants vege- 
tating in corrupted air make 
zt as proper for ref{piration as 
the air of the atmofphere, 


quantity of inflammable ait 
that was made from zinc, and 


in another from: oak. 


Air injured -by refpiration 
will not. unite with lime in 
lime water; though when air 
is thus injured fomething is 
precipitated from it, which has 
that effect. I have no where 
faid that air injured by refpi- 
ration diminifhes the quantity 
of common air:with which. it 
is mixed, though that princi 
ple which had diminifhed this 
air will diminifh any -other 
wholefome air. "Mr, Lavoifier 
himfelf quotes. me, p. 129, as 
faying, that when I had mixed 
air injured by. putrefaction 
with common air, the quan- 
tity was wot. diminished... If 
this injured air is not capable 
of being abforbed by water; 
which is the cafe, it muftdifter 


> very effentially from fixed air. 


T never pretended to have 
reftored air that was thoroughly 
noxious by any method, fo far 
as that a candle would burn 
in it. Though the growth of 
plants in.air which had never 
been more injured than that 
a candle would go out in it, 
(which is a much greater in- 
jury than the general mafs of 
the atmofphere ever fuffers) 
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P.131, Monf, Prieftley fays, 
that all kinds of noxious air 
are reftored by long agitation 
in’water ; which feems to con- 
“tradict what he fays in another 
place, that agitation i in water 


‘was not fofficient to deprive. 


noxious air of i its deadly qua- 
lity. 


P.136, Monf. Prieftley fays, 
that nitrous air may be ab- 
forbed by water; but with re- 
fpe& to the quantity of ab- 
forption, the refults of his ex- 
periments do not feem to agree 
exactly. | 


P. 137, A pafte of iron fi-’ 


lingsand brimitone diminifhes 


common air one-fourth: but. 


by means of nitrous air this 
diminution may be carried 
much farther. For if a quan- 
tity of nitrous air be admitted 
to this mixture, the common 
air will be reduced to one- 


fourth of its bulk, 


P. 140, By deste 3 the 
focus of a burning mirror on 
a piece of charcoal in com- 
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never failed to reftore it fo far 
as that a candle would burn 
in it, to all # aonb as 
well as ever. 


f faid, in an account of an 
experiment in which I fre- 
quently transferred a quantity 
of noxious air from one veffel 
to another, that I did not find 
it to be reftored by that means. 
But this is avery different o 
ration from the agitation aa: 
in water, and efpecially when 
it is continued a long time. 


I have no where ftated the 
ultimum of the abforption of 
nitrous air by water, Indeed, 
ftrily {peaking, water de- 
prived of all air will abforb 
the whole of any kind of air, 
I only mentioned different de- 
grees of abforption, as I ob 
ferved them in circumftances 
that were confiderably dif- 
ferent. 


What I have faid is, that 
the nitrous air itfelf, and not 
common air, was diminifhed to 
one-fourth of its bulk by the 
fermentation of that pafte. 
No common air was concerned. 
in the experiment, 


The fixed air in this expe- 
riment, in which there was 
fo great a diminution of the 
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mon air, it was diminifhed 

one-fifth, and the remainder 
was partly fixed air, and part- 
ly inflammable, 


Ib. If the charcoal be made 
with a very hot fire, capable 
_ of melting the crucible, there 
will be no fenfible diminution 
of che air in svhich it is heated. 
Charcoal that has been mode- 
rately calcined gives no fign 
of inflammable air, 


Ib. If the ahovementioned 
pfocels be, mnede! over. .qtick- 
filver;- and: not., over. water, 
the air will not be diminified. 


P; r4r; The piece of char-., 


coal employed in this experi- 
ment weighedexactly twenty- 
nine grains. 
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common air, muft have becx 
chiefly, if not wholly, that 


which was precipitated from 


the common air. The re- 


_ mainder was fo far from being 


inflammable, that it extin- 


‘guifhed a candle. 


‘This was the cafe in one 
experiment, but it only proves 
that in Jome cafes air 1s not fo 
eafily expelled from charcoal 
asin others. ButI have al- 
ways reprefented the very con- 
trary of thefe refults as true 
in general, viz. that a longer 
continuance of heat, and a 
greater degree of it, expels 


_more air from wood, and that 


afterwards the purer will be 
the phlogiftor that is expelled 
from it, and coniequenily the 
greater probability chere is 
that the air in which it is 
heated wiil be diminifhed, 
and net increafed. 


This is on iy the cafe when 


Re 
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Mr. Lavoifier, as an introdu@ion to the account of his 
own experiments, in the work abovementioned, has under- 
taken to give a pretty full account of all that had been done 
before him in the fame way. I hope he has been more exaét 
with refpeé to others, than he has been with refpect to me. 
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Sig. Landriani’s Account of my 
Experiments and Obfervations. 


This aiken takes -it for. 


granted, through. the whole 
of his work (fee p. 6, of the. 


Introduction, and p. 3, of the. 


work itfelf) that I confider the 
fixed air in the atmofohere as 
un elemento di falubrita, by 
whichI fuppofe he means that 
it is the principle in which its 


refpirability confifts, or which. 


makes it fit for refpiration. 


UL 


Remarks. 


All that I have faid that could 
lead to this conftruction is, 
perhaps tha tfixed air, though 
it certainly kills when it is 
breathed unmixed, does no 
fenfible injury to the lungs 
when it is mixed with com- 
mon air; as fire is not noxious 
per fe, but only za exce/s. I 
have alfo fhewn that when 
common air is made noxious 
by any phlogiftic procefs, the 
fixed air contained in it is 


precipitated. But though this 


is a circumitance that always 


attends the corruption of air, 


I never fuppofed that the 


fixed air which it depofits was. 
the principle of falubrity. If 
ig. I mutt have {uppoied that 
fixed air mixed with air that 
had been injured by phlogiitic 
procefles might have reftored 
it, which it does not do in 


_ the leaft degree. 


P. 24, The diminution of 


I do not recollect that I 


nitrous air by common air, have any where faid that 
Dr. Prieftley fuppofes, comes phlogifton contra&ts the di- 
from the property that phlo- menfions of bodies. 
gilton ha; to contract the di- contrary, I] fay that air in- 
menfions of bodies: but he jured by phlogifton is /pecif- 
gives no fuficient proof of cally lighter than common.air. 
that fuppofition ; and though And what I fay of the princi- 
he fufpeéts that this contraction ple of levity, p. 267, is, that 
is a real Jevity communicated it is a fuppolition I am not 
to the air by phlogifton, he willing to have recourfe to, 
has not ventured abfolutely though it would afford an 
to affert ic; though chemiltry eafy jolution of the difficulty. 
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312 


furnifhes many examples of 
this fingular propcrty of phlo- 
gifton. 7 


ee yity. 


Mifreprefentations. 


I might have exprefied myfelf 
more firongly; for Ineverhad 
any faith at all in. that doc- 
trine of the principle of le- 
On the contrary, as 
miny De emp. 205, 1 con- 
fider the difference of weight 
betweea a metal and a aie. 
which Fas given occafion to, 


that dodtrine, as wholly owing 


to the fixed air and water im- 


- bibed by the latter in the act 


Pej, Sig. Landriani ré- 


srefents me as ftatine the li-- 
& the i- 


mit of the diminution of com- 


Incn air by nitrous air to be’ 


when precijely two meafures of 
the former are mixed with one 
of the latter; but fays that he 
as found that this depends’ 
upon the quality of the two 
kinds of air, and efpecially 
on the quantity of phlogifton 
contained in the nitrous air. 


of calcination. 


I have only faid, p. 110, 
that after many trials, I have 
found thatthe greateft dimi- 
nution is when aéext one- 
third-of nitrous air is mixed 
with common air, which im- 
plies that | was aware of a 
confiderable ‘variety in the 
refults of fuch experiments ; 
and the whole of my narra- 
tive thews that I have confi- 
dered a lefs diminution to 
arife fometimes from the com- 
mon air having already more 
phlogifton than ufual, and 
fometimes from the nitrous 
air communicating lefs. J 
frequently fpeak of different 
quantities of nitrous air as 


_ pofleffing very different powers 


of diminifhing common air, 
and fometimes fpeak of ni- 
trous air as reduced to a ftate 
in which it had no power of 
diminifhing common air at 
all, And as. I“make it a 
maxim that common air is di- 


_ minifhed and made noxious 
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AF wetsht 


Pgs) ar. Prieftley believes 
ie inflammable air becomes 
refpirable by agitation in wa- 
ter, becaufe part of the phlo- 
gifton is depolited in the water, 
and another part of it remains 
to fweeten the acid air, and 
make it’ refpirable, 
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by phlogifton only, I muft 
neceilarily have -confidered, 
that nitrous air in this cafe 
either as not containing phlo- 
gilfton, or as not difpofed to 
part with it. 


The former Ihave fuppofed, 
but I do not remember to have 
faid any thing about the lat- 
ter. I had, indeed, imagined, 
that acid air antl phlogifton 
compofed inflammable. air ; 
and fuppofed part of the 
phlogifton to be abforbed by 
water, when it ceafes to be 
inflammable, by means of 
agitation in water. But I 
muft have fappofed, apree- 
able to the maxim above- 
mentioned, that the phlo- 
gifton which remained mutt 
have contributed to keep the 
air in a worfe ftate than it 
would be in, if it could be 
expelled by it, which is the 
very contrary of what Sig. 
Landriani has afcribed to me. 


Laftly, The moft unaccountable miftake con- 


cérnin 


ge any of my opinions relating to air, is 


that I fthould be fuppofed to maintain that fixed 
air is a combination of common air and phlogifton. 
Mr. Lavoifier i in Rofier’s Journal for May 1775, 
P- 433, fays, ‘ Since common air is changed 
‘< into fixed air by a combination with charcoal, 
“ ir may feem natural to conclude that fixed air 


sl is 
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is nothing but a combination of common 
 airand phlogifton. This opinion is that of 
ay Mont. oF IGHNSY. e ! 


This, indedlté is the opinion of Dr. Ruther- 
ford (Differtatio 2 aire fixo, p. 25.) of anEnglifh 
Chymift, who probably had it from him, “and 
that of other philofophers in this country, 
who may have adopted it from them; but. 
every thing that is Englifh is not mine. I have 
_miftakes enow of my own to anfwer for, and 
J cannot conceive how any thing that I have 
ever advanced on the fubject fhould have been 
conftrued to bear that meaning. | 


~The propofition which Mr. Lavoifier ad- 
vances in the preceding paragraph, on which 
he fuppofes the hypothefis which he afcribes 
to me to have been founded, is not true. ‘I 
do not know that common air can, by any 
precefs, be changed into fixed air; and fo far 
am I from fuppofing that fixed air Is a com- 
pound of common air and phlogifton, that, 
_on the other hand, I have always rather con- 
fidered fixed air as an elementary fubftance, 
and common air as a compound. Moreever, 
having brought fixed air, by a fuppofed union. 
with phlogifton, to be immifcible in water, 
and to have fome of the properties of common 
‘air, I was then inclined to think that fixed air 

and 
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-and phlogifton might make common air, which 
is the very reverfe of the opinion.that Mr. La- 
voifier afcribes to me. And I do not know 
that. I have ever advanced any. thing that comes 
nearer to that opinion, than this which is: ex- 
prefsly CASH to it, 


In the pian sede to the Royal Academy 
of Sciences concerning the abovementioned 
treatife of Mr. Lamoilier’s by Mr. De Tru- 
daine, Mr. Macquer, Mr. Cadet, and the Se- 
cretary M. De Fouchy, thefe gentlemen fay, 
 Monf. Prieftley confiders fixed air as very 
nearly of the fame fpecific gravity with the 
*< air of the atmofphere.”” Now I have always 
confidered fixed air as confiderably heavier than 
common air. Indeed, I never made any ob- 
fervation of my own on that fubject,. having 
only adopted the conclufion of Mr. Cavendifh, 
whofe difcovery it was, 


I imagine thefe gentlemen have miftaken 
what I have faid concerning. air injured air by 
phlogifton, which I have faid was very nearly 
of the fame fpecific gravity with common air, 
though rather lighter, for what I have faid 
concerning fixed air. And it’is poffible that 
thefe gentlemen, like Mr. Lavoifier, may have 
taken it for granted. that theie two kinds of air 

are 
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are the fae; though I always fpeak of them 
as very different things. | 


As Dr. Reker fori when he publithed ‘his 
‘Differtation on fixed air, had only heard of my 
experiments, it would not be worth while to 
take notice of his miftakes concerning them ; 
but his treatife being tranflated into French, in 
‘Mr. Rofier’s Journal, I fhall juft obferve, now 
that I am upon the fubje&, that he alfo fup- 
pofes, p. 25, 1 had reftored fixed air to a fit- 
néfs for refpiration by vegetation, whereas 
it was air injured by refpiration or putrefattion. 
‘But this author, as well as many others, makes 
no difference between thefe two very different 
kinds of air. 


No peter can ay a lefs ftrefs bos opinions, 
and more upon fabs, than I have done, in all 
my philofophical writings; and the opinions I 
have advanced are very few in proportion to 
the new: and 1 important fatts that I have difco- 
vered. Ivtherefore think it rather hard, that 
thofe very few opinions fhould have been fo 
spony mifreprefented as they have been. 


All the dciibts that | bie’ ever entertained 
with refpect to the conftitution of fixed air have 
little relation to the differences of opinion main- 
tained by others concerning it. I was always 

. | inclined 
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inclined to think fixed air tobe an acid fu 
yeneris, as much as any of the three mineral 
acids. But as it is the opinion’ of feveral of 
the moft eminent .chymifts;~ that even thefe 
three acids, as well’as all other acids, are only 
one and the fame acid, differently modified 
and combined, and. that ‘they- are: therefore 
tran{mutable into one another, Ihave of late 
conjectured that the fixed’ air which I have 
fometimes produced mut have, been a tranf- 
mutation of the nitrous acid’ into-it, becaufe 
no fubftance employed in the experiments can 
well be thought to have contained the fixed 
air, notwithftanding the air that.was produced 
difcovered the moft undeniable figns of. it, as 
will have been feen in the preceding narrative. 
Still, however, I do not pretend to have formed 
any decifive opinion upon the fubje&t. Let 
the. facts be confidered, and fpeak for thems 
felves. 


_ AItiis maintained’ by Sig. Landriani, whofe 
treatife I did not receive till a confiderable 
part of this volume was printed off, that fixed 
air is of a different conftitution according to 
the acid by which it is procured from calea- 
reous fubftances. He fays, among other things, 
p. 48, that the falt which is formed by the 
union of alkaline air with fixed air by oil of 

vitriol 
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vitriol is a true’vitriolic ammoniac, and that 
the falt »which is formed by alkaline air and 
the air which is procured by means of fpirit 
of nitre has the property of detonating by it- 
felf, which-is known to be peculiar to the- 
nitrous ammoniac.. He alfo fays that fixed 
air procured: by: the vegetable acids has not 
the fame power of reddening the juice of turn- 
fole with that which is procured by the mineral 
acids. Thefé are very remarkable experiments, 
and deferve to be repeated, and confidered 
with attention.» They have led our author to 
conclude, that’all the different kinds of -air 
are, in fact, one and the fame thing, which 
has the property of holding in folution various 
bodies, and particularly the acids, fee p. 33. 
Accordingly nitrous air, in his. opinion, is 
common air holding in folulution a quantity 
of the nitrous acid overcharged -with phlo- 


gifton. 


That excellent philofopher Felice Fontana, 
in his Ricerche Fifiche fopra Paria fiffa,-main- 
tains, that all the acidity of fixed air comes 
from the oil of vitriol diffolved in it, and 
which is fo intimately united to it, as to be 
afterwards infeparable from it; infomuch that 
when it has been incorporated with water, and 
expelled from.it again, it carries away all 

| , the - 
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the acid vapour along with it; having all the 
fame properties that it had befoie it-was “com 
bined: with the water. ©The acid ‘of vitriol; 
thus attenuated and exalted, by its folution in 
fixed air, 1s more penetrating, he fay," and has 
- more medicinal virtues, than thefame‘acid dif 

folved in water, or adintelitecpale in© any other 
form. | On 


' Fixed air deprived of this acidity; which is 
foreign to its nature, he fuppotes to be the 
fame thing with atmofpherical ‘air’ deprived of 
its: peculiar acid by phlogiltic procefies, an 
acid which he maintains to be altosethet dif- 
ferent from any acid with which’ we are ac- 
quainted, and which he propofes to invefti- 
gate; conceiving this acid to be*the great 
principle of falubrity in the atmofphére. This 
writer fays, that he has attempted in vain to 
make water acidulous by means of fixed air 
expelled from fubftances without the help of 
other acids, as in’ putrefaCtion: ~Byt he does 
not appear to have tried what he could have 
done with calcareous fubitances it] heat only. 


I ‘ake this early Snorting of publifhing 
the fentiments of fo confiderabie- a perfon, 
though it will appear that they are veryidiHferend 
from my own, in order to promote a farther in- 
veftigation of the febject. ? 

| 2 Having 
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_ Haying’ mentioned the paper of Mr..La; 
voifier’s,. publifhed in Mr.Rofier’s Journals. I 
would obferve, that it appears by it, that; after J 
left Paris, where I procured the mercurius cal+ 
ginatus abovementioned, and. had fpoken of 
the experiments- that I had made, and.-that-d. 
intended. to make with it, he began his lexpe+ 
riments upon the fame fubftance, and «pre; 
fently found what I have called dephlogifticated 
gir, but without inveltigating the nature of it, 
and indeed, without being fully apprifed. of 
the degree of its purity. For he had only 
tried it with one-third of nitrous air, and. ob: 
ferved that..a candle burned in it with.more 
vigour than in comimion air; and though-he 
{ays it feems to be more fit for refpiration than 
common air, he does not fay that he -had 
made any trial how long an animal could live 
in it. ; 


He therefore inferred, as 1 have faid that I 
myfelf had once done, that this fubftance hads 
during the procefs of calcination, imbibed at- 
mofpherical air, not in part, but in whole, 
But then he extends his conclufion, and, as it 
appears to me, without any evidence, to all 
the metallic calces; faying that, very proba- 
bly, they would all of them yield only com- 
mon air, if, like. mercurius calcinatus, they 
could be reduced without addition, For he 
brat con- 

I 
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confiders the fixed air, which is yielded by 
moft of them, to come from the charcoal, 
made ufe of to revivify the calx. Whereas it 
will be feen, in the courfe of my experiments, 
that feveral of thofe calces yield fixed air by 
heat only, without any addition of charcoal. 


He adds, that fince common air is changed 
into fixed air when it is combined with char- 
coal, it would feem natural to conclude, that 
fixed air is only a combination of, common air 
and phlogifton (an opinion which, as has been 
feen before, he afcribes to me) Rats, it is not, 
he fays, without probability , but adds, . that 
it is fo often contradiéted by facts, that he de- 
fires philofophers and chymifts to fufpend their 
judgments ; hoping that it will foon be in his 
power to explain the motives of his doubts. I, 
for one, am waiting with fome impatience for 
this explanation. 


Mr. Lavoifier alfo concludes, from his ob- 
fervations, that the air produced by the deto- 
nation of nitre and the firing of gunpowder is 
common air. When he fees this volume of 
mine, he will, I doubt not, be convinced of 
the imperfection of his theory, and of this 
miftake, which he has been led into by means 
of it. | 

> Mr. 
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_ Mr. Lavoifier, as well as Sig. Landriani, 
Sie. F, Fontana, and indeed all rother writers 
except myfelf, feems to confider common air 
(divetted of the effluvia that float in ir, and 
various fubftances that are diffolved in it, but 
which are in reality foreign to it) as a fimple 
elementary body, whereas I have, for a long 
time, confidered it as a compound ; and this 
notion has been of great fervice to me in my 
inquiries, 


As a concurrence of ‘unforefeen and unde- 
figned circumftances has favoured me in this 
inquiry, a like happy concurrence may favour 
Mr. Lavoifier in another; and as, in this cafe, 
truth has been the means of ieadtiag him into 
error, error may, in its turn, lead him into 
truth. It will have been feen, in the courfe of 
my writings, that both thefe circumftances have 
Fea happened to myfelf,; and indeed 
examples of both of them will be found in 
my firft fection concerning this very fubjeét of 
dephlogifticated air. 


It is pleafant when we can be equally amufed 
with our own miftakes, and thofe of others. 
1 have voluntarily given others many oppor- 
tunities of amufing themfelves with mine, 
when it was see in my power to have con- 

: x cealed 
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cealed them. But I was determined to fhew 
how little my/tery there really is in the bufinefs 
of experimental philofophy, and with how 
little /agacity, or even defign, dilcoveries (which 
fome perfons are pieafed to confider as great 
and wonderful things) have been made. 


Y 2 SEC. 
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SEC TilLom™, Vike 


Experiments relating to fome of the preceding 
Seftions made fince they. were printed off. 


Having had an opportunity of making a 
few farther experiments relating to fome kinds 
of air mentioned in this treatife, after the fec- 
tions relating to them were printed off, I have 
thought it would be better to fubjoin an ac- 
count of them in this place, rather than defer 
it to another publication. | 


1. Of the vitriolic and vegetable acid airs. 


It will be feen, by comparing the firft and 
fecond fections of this volume, that there is a 
remarkable refemblance between the vitriolic 
and vegetable acid airs, and I have fince ob-— 
ferved other circumftances of refemblance. 


The electric fpark taken in vegetable acid 
air produces the very fame effect as in the 
vitriolic acid air, tinging the glafs tube in 
which it is contained with a deep brown, or 
black colour. I took about fifty explofions 
of a common jar in a fmall quantity of it, 
after which water imbibed almoft the whole of it. 

It 
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It is remarkable that the glafs becomes almoft 
as deeply tinged as it can be made by the ex- 
periment, after a very few of the explofions. 


I alfo obferved the fame remarkable effect 
of putting fmall glafs tubes half filled with 
water into vitriolic acid air, that I have de- 
{cribed p. 26, as obferved in the vegetable 
acid air, viz. that if a little air be left at the 
bottom of the tube, ic will fwell, and drive 
out all the water. The reafon of this appear- 
ance I believe to be, that the water, being 
prefently faturated with this acid. air, tranf- 
mits it to the common air in the tube; which, 
receiving a continual increafe of bulk from 
this fource, at length expels all the water. 


I obferved this appearance when I put the 
tubes, thus partially filled with water, into 
that air which I had expelled from the water 
that had been faturated with the fluor acid 
air; which is another argument of the iden- 
A of this acid with the vitriolic. 


Water is foon ‘impregnated with vitriolic 
acid air, but has little power of retaining it, 
fo that the fmell of the water fo iripreanated 
is the moft pungent that can be conceived, 
and if it ftands expofed to the common air, 
the acid air, ina great meafure, prefently 

| bee quits 
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quits it. Alfo the leaft agitation of the water 
promotes the feparation of the air from it. 

TI have obferved, p. 10, that a mixture of 
vitriolic acid air injures common air, and that 
the effluvium of the concentrated vegetable 
acid has the fame effect. I have fince found 
that a mixture of the vegetable acid air itfelf 
does fo to. Two meafures of this mixture, 
and one ef nitrous air occupied the fpace of 
two meafures. 


The only real difference between the vege- 
table and the vitriolic acid air (befides the 
fmell of them, in which refpect the difference 
is remarkable enough) that I have obferved, 
is, that, whereas the vitriolic acid air, as well 
as all the other acid airs with which I am ac- 
quainted, deepens the colour of olive oil, an 
impregnation with vegetable acid air makes it 
more colourlefs. In one experiment, how- 
ever, vegetable acid air gave a yellowifh tinge 
to oil of turpentine, which is an effect that 
vitriolic acid air has upon it; though, upon 
another occafion, the refult of this experiment 
was different, and I have not leifure at prefent 
to examine whence this difference arofe. 


As Dr. Higgins has informed me, that oil 
of vitriol was employed in preparing the con- 
* centrated 
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centrated vinegar that I made ufe of for the 
production of vegetable acid air, I think it 
poffible that the air which I expelled from it 
may have been, in part, of the vitriolic kind, 
but I do not know of any other vegetable 
acid liquor that will yield air; at leaft in a 
quantity fufficient for any experiments. I tried 
yadical vinegar of the cryftals of verdigris recti- 
fred, which was recommended to me, and made 
tor me, by Mr. Woulfe, and alfo concentrated 
acid made from fal diureticus, by Mr. God- 
frey; but neither of thefe acid liquors, though 
the finell of them was extremely pungent, 
yielded any air by heat, 


The common ait expelled from the phial 
by the fteam of this vinegar, mixed with 
whatever acid vapour might come over along 
with it, I examined, after letting it reft upon 
guickfilver a whole night, and I found it not 
to differ from common air, — | 


When, however, I tried this experiment 
with air that had lodeed on the furface of 
oil of vitriol, into which I had put fome 
fal diureticus, and which did yield a little 
air, the common air did appear to be injured 
by the mixture, as in the preceding experi- 
ment of the mixture of common and vege- 
table acid air. But then oil of vitriol being 
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employed in this experiment, as well as in the 
preparation of the concentrated vinegar above- 
mentioned, it is liable to the fame objection; 
the acid of vitriol being, perhaps, volatilized 
by dome {mall portion of phlogifton, 


oi IOP diphloxipicated air. 


I have obferved a great variety in the refults 
of the experiments for the production of de- 
phlogifticated air, both with refpect to the 
quantity, and the quality of it, efpecially as 


mixed with a greater or lefs proportion of 
fixed air. From the following experiments it~ 


will appear that the quantity of dephlogitti- 
cated air depends upon the quantity of the 
{pirit of nitre made ufe of in the procefs, the 


quantity of fixed air being nearly the fame in 


all the cafes, , 


From an ounce of red lead, heated in a: 


gun-barrel, I got about an ounce meafure of 
air, which all together was worfe than common 
air; an effect which I) attribute, in a oreat 


meafure, to phlogifton difcharged from the 


iron, The production of air in this cafe was 
very flow. LG'S | 


From an ounce meafure- of the fame red 


lead, diluted with half fpirit of nitre and half 


water, 


"7 
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water, I cot twelve ounce meafures of air, the 
laft produce of which was highly nitrous. 
Half of this quantity was abforbed by water, 
and the remainder was twice as. good as com- 
mon air. " P aah geri 


From an ounce of the fame red lead, diluted 
with the fame fpirit of nitre, without water, 
I got, by the fame treatment, about thirty 
ounce meafures of air, about one-eighth of 
which was abforbed by water, — _ we 
was highly 1 aa coemaote 


From the fame quantity of red lead, wo it 
ened with twice the quantity of the fame fpirit 
of nitre, I got about fixty ounce meafures ‘of 
air, a very fmall part of which was abforbed 
by water, and the reft was as highly dephlo- 
eifticated as that in the laft experiment. iq 


The produce of ‘al was quicker, with the 
fame degree of heat, in proportion «as the 
quantity produced was greater; and in the 
laft procefs the air was very red in the infide 
of the veffel that roriaeael it, fora confider- 
able time. | | 


113, Of 
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3. Of tbe- fea of the nitrous acid on cont: 
wion air. 


I have fhewn, in a variety of experiments; 
- that the fumes of fpirit of nitre injure com- 
mon air. I have found the fame to be the 
effect of the effluvia of witrous ether. For the 
air which had been confined about a week, in 
a bottle in which a quantity of nitrous ether 
had been kept, was fo much injured, that two 
meafures of it, and one of nitrous air, occu: 
pied the fpace of 2} meafures. As I let a 
good deal of common air into the phial, at 
the fame time that (not chufing to lofe it) I 
poured the ether out of it into another phial, | 
conclude that the air in the phial was almoft 
perfectly noxious. 


I have more than once expreffed an earheft 
with that I could meet with any fluid fubitance 
that was not affected with the nitrous acid, as 
this would give me an opportunity of confin- 
ing the nitrous acid air, in order to make ex- 
periments upon it, as I have done upon other 
acid airs; and I almoft flatter myfelf that I 
have accidentally met with one that will an- 
fwer my purpofe. It will be feen; p. 156, 
that dog’s Jard is very little affected with boil- 
ing {pirit of nitre. Upon finding this, I im- 
mediately endeavoured, by means of heat, to 

expel 
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expel nitrous acid air from a quantity of ftrong 
fpirit of nitre; thinking that it might be con- 
fined in a veffel filled with melted hog’s lard, 
as the other acid airs had heen confined by 
quickfilver. But though I made the fpirit of 
nitre boil a long time, I got nothing from it 
but the common air which had lodged on the 
furface of the acid, and which I found to be 
fo far injured by the procefs, that two meafures 
of it, and one of nitrous air, occupied the 
{pace of 2 4 meafures. I fhall try whether I 
cannot have better fuccefs with fome other 
animal oil, as the fpermaceti oil, &c. making 
fome other varieties in the procefs. 


4. Of fixed air. 


I have madean obfervation, p. 220, of the 
degree of the purity of the refiduum of fixed 
air which had been wholly contained in water, 
at a time when it hardly made lime water tur- 
bid. I afterwards kept the fame refiduum, 
wafhing it feveral times in lime water, till ic 
had no effect upon it whatever. At this time 
two meafures of it, and one of nitrous air, 
occupied the fpace of 2 4 meafures. In fact, 
therefore, the refiduum of fixed air is, in the 
main, the fame thing with phlogifticated com- 
mon air; though in this cafe it was melio- 
rated by fo much wafhing in water. To the 

fame 
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fame ftate alfo are all kinds of air whatever, | 
and even nitrous air itfelf, reduced, by much 
agitation in water. This is a remarkable fad, 
and may furnifh matter for fpeculation. 


~ ‘To my fhort account of my obfervations on 
the Seltzer fpring, and the other mineral water - 
near Mentz, p. 226, I would add, that the 
bottom of both of them, and alfo of the cur. 
rent of water that ran from them, was tinged 
red with ochre, fo that it is evident they both 
contain iron. | , 3 


5. Of the impregnation of water with jised air. 


I find I have expreffed mytelf too ftrongly 
with refpeét to the evidence of other perfons. 
having had in view any fcheme of the im- 
 -pregnation of water with fixed air, before the 
publication of my pamphlet on that fubject ; 
on the fuppofition that, if fuch evidence had 
exifted, it would have found its way to the 
public by this time. eh i 


My ingenious correfpondent Mr, Bewly, on 
feeing that part of the work, informs me, that 
he had. not read Dr, Brownrige’s paper half 
through, before he expected that the /ynthefis. 
would follow the analyfis, and that finding his 
author intirely filent’on the fubjet, he imme- 

4. ee diately _ 
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diately went to work himfelf, and in a com- 
mon»phial effeéted the impregnation, by fixed 
air fet loofe from falt of tartar; and though 
he had but an imperfect kind of an apparatus, 
he fays he has occafionally regaled himfelf and 
his friends with, fmall potations of artificial 
Pyrmont water, ever fince the pulbliedtion of 
i” abepeebanige S epes. 


‘a cannot help dieacine on n this ac ain as 
on eny others, that it is much to be regret- 
ted, »that perfons, of a philofophical tusn 
Could not be more difpofed to communicate 
their difcoveries to the public. In this cafe, 
however, it will be feen that I am not myfelf 
without blame, as I made no publication on 
the fubjec till fome years after I had effected 
- this impregnation, though Mr. Bewly, I find, 
had done the fame thing a confiderable time 
before me. 


6, Of the ufe of terms. 


I am forry to find, that notwithftanding what 
I faid, in the preface to my former volume, on 
my choice of the term air, as applied to the 
nitrous, acid, and alkaline principles exhibited 
in that form, fome perfons are either fo weak, 
or fo captious, as not to be fatishied, 


No 
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No perfon was ever more temperate, or 
more cautious, than I have been in the intro- 
duction of new terms, confidering the number 
of new faéts that I have difcovered. It was 
with great hefitation, though compelled by 
neceffity, that I did it at all, generally with 
the advice of my moft judicious friends, and 
always adopting fuch as were analogous to 
others in eftablifhed ufe. Thus when I found 
the terms common or atmofpherical air, fixed air, 
and inflammable air, wfed by all philofophers, 
and no perfon whatever had objected to them, 
it was certainly natural for me to continue to 
apply the term air to other elaftic tranfparent 
fluids, not condenfable by cold, and to diftin- 
guifh them by other appellations, drawn from 
the peculiar circumftances of their production, 
as nitrous air, acid air, alkaline air, phlogifti- 
cated and dephlogifticated air; ufing the term 
air as expreffive of the mere form in which a 
fubftance 1s exhibited, without any confider- 
ation of its being fimple or compound. 


They who chufe to apply the term air to a 
fubjiance, and not to a form, are certainly at 
full liberty fo to do, if they pleafe,; and pro- 
vided we underftand one another, no inconve- 
nience will refult from our ufe of a different 
language. But then the fame perfons fhould 
be uniform in their objections and practice, 

and 


and Maifcellaneous. 335 


and call nothing by the name of air that they 
do not believe to confift of that one elementary 
fubftance to which they profefs to appropriate 
the term. I will add alfo, that fuch perfons 
will do well to prove that there is fuch an ele- 
mentary fubftance, and to reconcile the facts 
that I have difcovered with that hypothefis. The 
language that I adopt implies no attachment to 
any hypothefis whatever, and may ftill be ufed 
though I fhould change my opinion on that 
fubjeé&t, which is certainly a very great adyan- 
sage in philofophical language. — 
! 
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EXPERIMENTS and OpsERVATIONS relating to 
—fome of the Chemical Properties of the Fluid, 
~ commonly called Fixep Air 3 and tending to 
prove that it is merely the Vapour of a par- 
ticular Actp. In two Letters to the Reverend 
Dr. Prieftley: By William Bewly. 


fe Y fuccefsful inveftigation of that part of philo- 
fophy, in which you have lately made fo exten- 
five and rapid a progrefs, carinot be communicated 
to the publick any where with fo much propriety, 
and advantage, as in the company of thofé fingular 
and important difcoveries which will be given in 
the new Volume of your Od/ervations, now in the 
prefs. With great pleafure, therefore, I comply with 
your late requett, to tranfmit to you the particulars of 
my Obfervations on Mepihtic or Fixed Air ; the gene- 
ral refults of which I formerly comishinicated to you. 
They tend, if I do not deceive myfelf, to throw a 
new and juft light on the real nature and chemical 
properties of that fluid; the extenfive diffufion of 
which throughout the univerfe, where it forms a con- 
{tituent principle of almoft all known bodies, renders 
it a fubject deferving of an accurate and minute in- 
veftigation. 

In the prefent letter I fhall principally confine my- 
felf to thofe Obfervations only which firft conviriced 
me of the exiftence of an acid zm fixed air : a point 
which has been contefted, or, at leaft, left dubious, 
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by other inquirers. The experiments which I fhall 
relate ina fubfequent letter will, I expect, fatisfactorily 
evince, that this acid is not a fubftance extrinfecal to 
ee air, or cafually floating in it, and feparable from 
; but, on the contrary, that it is a neceflarily con- 
pee principle of this fluid; and even that fixed air 
itfelf is no other than this very acid; or, in other 
words, that it is a peculiar and diftinct acid fpirit, /wz 
generis, which, on its being expelled, by the power 
of a fuperior acid, or the foree of fire, from the. va- 
rious earths, falts, &c. with which it is combined, 
inftantly affumes the form of an elaftic vapour, greatly 
refembling common air; which form it permanently 
retains, till it meets with any of thofe numerous bo- 
dies which have an affinity to it, and which have 
been deprived of, or are not alread} y faturated with it. 
By thefe bodies this acid vapour is condenfed, or re- 
duced into a Jiguid or fixed ftate; in which ftate it 
combines with them, in a manner in no refpect differ- 
ent from that in which the vitriolic or any other acid 
is united with the various falts, earths, or other fub- 
ftances, with which they form neutral, compounds— 
Such, at leaft, is the fyftem which I have been natu- 
rally led to deduce from the following experiments. 
“Even the bare Ronen of an acid, 77 fixed air, has, 
as I have already obferved, been doubted of. So lately 
even as the laft year Dr. Wigivee *; to whom this 
new branch of Chemical SASlaophe is fo highly in- 
debted, obferved, that though. Mephitic air, imparts 
to the waters impregnated with it a br ifk anit pungent — 
tafte, which has ufually been ftiled fubacid; yet it 
differs from all acid {pirits in not ftriking a red colour 


* Phil. Tranf. vol. 64. part 2. for the year 1774. p. 369. 
with 
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with the blue tinétures of vegetables ; adding, that 
not only no change of this kind could be obferved to 
have been effected by it, in the numerous experiments 
made by himfelf and feveral other gentlemen ; but 
likewife that he had “* for feveral days fufpended 
“* pieces of linen, that had been.dyed blue with fre(h 
‘* juice of violets, in the mephitic air of Spa water, 
“¢ and alfo in that of chalk ; ard when the linen was 
** taken out of the faid air, did not perceive its blue 
*< colour in any wife changed, although the fame 
** pieces of dyed linen were inftantly turned of a green 
** colour, when expofed to the fumes of the fpirit of 
*¢ hartfhorn.” ‘¢ Whether therefore,” he adds, 
‘© and under what relations, this aerio-faline fpirit 
“¢ may merit the title of an acid, I leave to the de- 
** termination of others.” 

In the Appendix to your former Volume, your in- 
genious correfpondent, Mr. Hey +, has likewife fhewn 
that water impregnated with fixed air, produced no 
change of colour in the fyrup of violets ; and that it 
did not effervefce with either the fixed or the volatile 
alcali. The fact is, that fixed air is fo rare a va- 
pour, and the Mephitic Acid, as 1 thall already ven- 
ture to call it, is fo greatly diluted in water, which is 
even faturated with it, that many of the blue juices 
refift its action upon them ; while others, more fen- 
fible tefts of acidity (fuch as infufions of Litmus, Cy- 
anus, ot Corn-flower, and a few others) readily 
anounce its acid quality.——-As to its not producing 
an. effervefcence with alealis, it will appear from the 
following experiments, that fuch efrervefcence is, from 

‘the very nature of the thing, impofftble in the prefent 
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cafe, in which the very contrary of an effervefcence 
muft take place. In all other cafes, when an acid 
is added toa mild alkali, the mephitic acid, as being the 
leaft powerful of all the acids, is expelled, in its ftate 
of vapour, or in elaftic bubbles, which conftitute the 
appearance called an effervefcence ; whereas when the 
mephitic acid itfelf, is added to an alcali, it is conden- 
fed, and filently abforbed in it. 

It may be neceffary to premife that, in feveral of 
the following experiments, I found it moft conve- 
nient, as well as productive of greater accuracy and 
expedition, to take the inverted phial out of the bafon, 
after every frefh introduction of fixed air, for the 
purpofe of agitating more freely the liquor contained 
in it; and that I took care to ufe a bafon or cup of a 
very {mall diameter, and which contained a very 
fmall quantity of fluid; in order to suard, as much 
as pofible, againft diffipation of the fixed air, during 
the procefs. It may be proper likewife to obferve, 
that I may not incur a fufpicion of plagiarifm, that 
fome fcattered hints, relative to 4 few of the follow- 
ing Obfervations, have been formerly inferted by me 
in a certain anonymous publication. | 

The experiment, by which I firft detected the 
prefence of an acid in fixed air, fome years ago, is as 
follows. I have repeated and diverfified it on the 
prefent occafion, and with the fame event, 


ExPERIMENT I, | 


Having accurately adapted, to the mouth of a phial 
containing fpirit of vitriol, a cork, in which a glafs 
tube was inferted, which was drawn out at its farther 
extremity, fo as to terminate. in a bore nearly capil- 


lary 3 


THe APPENDIX. 341 


lary; and having thrown into it fome falt~of tartar, 
I haftily applied the cork, and inftantly prefented, 
clofe to the end of the tube, a piece of a particular 
kind of blue paper; ufed for the covers of pamphlets, 
as well as other pieces of paper tinged blue with the, 
{crapings of radifhes. When the effervefcence was 
brifk, and proper expedition was ufed; the mephitic 
vapour rufhing out, undiluted with common air, 
and in a denfe and fometimes vilible column, in- 
ftantly changed thofe parts of the blue.paper, towards 
which it was direcied, of a bright red colour. On 
bringing the tongue likewife to the end of the tube, 
the fenfation of acidity was very fenfible. 


EXPERIMENT II. 


_ The fuceefs of the preceding experiment wholly 
depends on the denfity and velocity of the mephitic 
blaft. Having afterwards caufed the fixed air to pafs 
through moift alkaline falt introduced into the tube, 
it now only, in general, weakened or difcharged the 
colour of the blue paper. This effect 1 was at firft 
inclined to attribute to the vitriolic acid, phlogifticated 
or volatilifed, which is Known to a&t in this manner 
on various coloured fubftances : but from the follow- 
ing experiments it may be inferred, that the change 
was produced by the mephitic acid’s being in part 
neutralifed, and confequently diminifhed in quantity, 
in its paffage through the alkali; fo that the remain- 
ing vapour, though as acid as before, was in too rare 
a tate, and had not momentum fafficient to pr oduce the 
red colour, 


“4 3 ExpE- 


342 Tue APPENDIX. 


EXPERIMENT III. 


Six: ounces of a weak infufion of Litmus in wa- 
ter, being impregnated with two or ‘three ounces of 
fixed air, had its blue changed to a red or pink co- 
lour.—A weak and nearly colourlefs infufion of the 
petals of the corn-flower, as well as infufions of two 
or three other blue field flowers, acquired likewife a 
flight reddifh tinge, on being even weakly impregnated. 


with fixed air,” 


EXPERIMENT [Y. 


Having prepared a Hepar Sulphuris, in the liquid 
way, and in which the a cali was fully faturated with 
the fulphur; I diluted a part of it with rain water, 
and added to it a few ounces of water faturated with 
fixed air. ‘he impregnated water produced the ef- 
fects which are known to follow the addition of any 
acid to an alcaline folution of fulphur. ‘The liquor 
became milky and opaque ; and after fome time part 
of the fulphur was precipitated : doubtlefs by the 
action of the mephitic acid, which joined itfelf to the 
aleali, and thereby difengaged a proportional part of 
the fulphur before amibaea with it. 


ExreRIMeENT V. 


The fucceffive action of the acid in fixed air on 
fuch of the blue vegetable juices as it changes to red, 
or its gradual entrance into water, is very pleafingly 
exhibited by filling a phial, which has a fmall hole 
drilled near its bottom, with an infufion of Litmus, 
and /then intreducing into its neck a perforated 

I cork, 
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cork, to which is fixed a biadder, containing fixed 
air. Preffing the bladder till the liquor defcends to 
the broad part of the phial, the perforation is to be 
{topped ; and the infufion being fuffered to remain per- 
feCtly at reft, the gradual entrance of the fixed air into 
it (or rather the condenfation of the mephitic acid) will 
be rendered vifible, by the fucceflive change of colour 
in the liquor, from the furface downwards, from blue 
to red.—T his experiment may be diverfified by em- 
ploying the procefles indicated in Experiment. 7th. 

The fixed air employed in the preceding experi- 
ments was generally procured from falt of tartar, by 
means of the vitriolic acid.. The greater part how- 
ever of thefe and the following experiments were re- 
peated with fixed air, obtained from the following 
fubftances, or combinations ; from which I[-rejected 
the nitrous and marine acids, for obvious reafons, 
particularly on account of their volatility. I tried the 
fixed air procured from the vitriolic acid added to 
chalk, and even from the fame acid and mild volatile 
-alcali; that flowly obtained from fixed alcali and 
cream of tartar; and even that which rifes from 
wort in the act of fermentation. The fame ff figns of 
acidity were exhibited by a0 fixed air obtained from 
all of them. 

In all thefe proceffes, however, an acid, mineral or 
vegetable, might be fufpected to have been concerned 
as an ingredient in the procefs, in the production of 
the effects above afcribed to the fixed air. In the 
following experiment, therefore, I ufed fixed air ex- 
pelled from a body, without the intervention of an 
acid, and merely by the force of fire. 


Ege Expr- 
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EXPERIMENT VI. 


A phial, to the mouth of which a glafs tube had 
been joined, by means of the blow pipe, was filled 
with Magnefia, the perfe& purity of which I had pre- 
vioufly afcertained. Having placed it in fand con- 
tained in a crucible, which was fet upon the fire, the 
air proceeding from it was fucceflively received into 
fmall phials filled with infufion of Litmus. The 
firft ounce, which came over even before the Magne- 
fia could be thoroughly heated, though neceflarily 
mixed with common air, tinged the infufion of a red 
colour. ‘The fubfequent produce (which came over 
to the amount of eight ounces, when the apparatus 
was accidentally broken) continued to exhibit the 
fame figns of acidity, as were given by the fixed air, 
expelled from alkaline falts and earths, by means of 
acids. It pofleffed likewife the other snauicaes of the 
laft mentioned fixed air, which will be related in the 
next, and fome of the following experiments. 

Finding the acid in fixed air not ftrong enough, or 
fufficiently concentrated, to act fenfibly on the gene- 
ality of the blue vegetable juices ; [ conceived, that 
by the following method the greater part of them 
might neverthelefs be made to bear teftimony to its 
acid quality. 


EXPERIMENT VIE. 


Having diluted fome fyrup of violets with water, 
and prepared different infufions of fuch of the. blue 
vegetable flowers as were not changed red by fixed 
air ; there were added to each of them a few drops of 
a folution of fixed alcali, fufficient to turn them toa 

green 
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green colour. A few drops likewife of the fame folu- 
tion were added to ah infufion of Litmus. On im- 
pregnating thefe different liquors with fixed air, (from 
{pirit of vitriol and chalk) the infufion of Litmus was 
changed red as before ; and the green colour given to 
the other blue infufions, ‘by the alkaline falt, was de- 
ftroyed by the fixed air:—an evident proof, that the 
alcali, by which the green colour had been produced, 
had been neutralifed by an acid. 

The fame effects were produced by impregnating 
the infufions with the fixed air procured, in the pre- 
ceding experiment, from Magnefia, by fimple calcina- 
tion ;—as likewife from chalk calcined in a tobacco- 
pipe, and afterwards in a gun-barrel : tho’ the greater 
part of the produce, in this laft procels, was, as you 

have already noticed, infoluble in water, and in- 
flammable. 

All thefe experiments, and others of a fimilar na- 
ture, proved only that an acid exifted zm fixed air. 
This laft however induced me to extend my views, 
and fuggefted a feries of experiments, which led me~ 
to the conclufion announced in the beginning of this 
letter ;—that fixed aif, when pure, and from what- 
ever fubftance obtained, is only a peculiar acid, in a 
ftate of vapour; which particular modification it af- 
fumes on its expulfion from various bodies, by the 
power of a fuperior acid taking its place ; or by that 
of fire. ‘Thefe experiments, which are as fimple, as 
they appear to me to be nerthihi fhall be the fubje& 
‘of another letter, 

WILLIAM BEwLy. 


Great Maffingham, Nora 


folks Sept. 235 1775s 
LETTER 
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ee ee ae TE 
Great Mafingham, Sept. 27,1775. 


I have hitherto attempted merely to afcertain the 
exiftence of am acid in fixed air, The avowed pur- 
pofe of the prefent letter is no lefs than that of intro- 
ducing a new fubject into the tribe of acids; and of 
fhewing that the aforefaid acid is, in faét, ‘the very 
fabfance denominated fixed air. y he galichatoss ex- 
periments will at leaft, I flatter myfelf, decifively prove 
that it is effential to te conftituence of that fluid ; 
and that it cannot be deprived of it, without coating 
to be fixed air. 

-' Apprehending that, if the acid deteCted in fixed 
air were only a foreign or contingent principle, cafu- 
ally floating in this fluid, it might be deprived of 
this adventitious fubftance, by means of an alcaline 
falt, and yet ftill retain its other diftinguifhing charac- 
teriftics, of elafticity, abforption in water, &c. I pur- 
fued the hint fuggefted to me by the event of the laft 
experiment, by trying whether I could not diveft it of 
this fuppofed adventitious acid, and thereby procure 
and examine it in a ftate of purity. For this purpofe 
i firft made the following experiment; 


ExpERIMENT VIII. 


Filling a two ounce phial with a flrong folution of 
yitid fixed alcali, and putting into a cup of a fmall 
diameter a very little quantity of the fame folution, 


barely futhicient to allow me to gigs the neck 
of 
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ef the phial into it, without fuffering the com- 
mon air to enter; I found that, on throwing about 
an ounce of fixed air into it repeatedly, stad alter- 
nately taking the phial out of the cup, and agitating its 
contents, the fixed air zota//y * difappeared each time ; 
and, upon the whole, in fuch quantities, as could not 
eafily be accounted for, on any other hypothefis, than 
that it was merely the vapour, or the elaftic fumes, of 
an acid fpirit, condenfed, and combined with an aleal. 
Several ounce meafures of fixed air were thus made to 
difappear fucceflively ; and I, at length, difcontinued 
the procefs, through mere laflitude.. 

If the alcali had only laid hold of. an extraneous 
acid floating in fixed air, it might have been expected, 
that the aerial fubftance, or vehicle, which contained 
it, might have remained, with only fome flight dimi- 
nution of its bulk : but on every frefh introduction of 
fixed air, nearly the whole of it vanifhed ; and the a/- 
cali, which was mild, evidently appeared te act, not as 
an abforbent of a fuppofed aerial fubftance, but as an 
Antacid. 

I next made the following experiment, with water, 
in which I diffolved a {mall and known quantity of 
mild alkaline falt ; in order to determine how much of 
‘the alcalia given, quantity of fixed air was capable of 
neutralifing. 


* When I ufe this expreffion, or others of a fimilar import, here 
and elfewhere, I fcarce think it neceflary to obferve, that a very {mall 
refiduum was left after each trial; the {pace occupied by which I ufu- 
ally filled up, for the fake of expedition, from the liquor in the cup, 
I never colleéted thefe refidua; which I confider as impurities, confilt- 
ing, in.part at leaft, of common air; from which, and inflammable 
air, it is fcarce poflible to procure fixed air perfectly free. Whatever 
they may be, they certainly are not the fubitance we ufually defign by 
the name of fixed air, 


EXPE- 
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Experiment IX, 


I impregnated five ounces of Well-water with fixed 
air, till it would receive no more. I could not make 
it abforb more than about four ounces. Ithen added 
to the water 20 grains of falt of tartar, previouily 
‘diffolved in a fmall quantity of water ; and immerg- 
ing the mouth of the phial into a fmall cup, contain- 
dang water, I threw up into it about half its bulk of 
fixed air. On agitating the liquor, and again im- 
merging the mouth of the phial, and then flowly 
withdrawing my finger, the liquor in the cup, though 
the greateft part of it had been before /aturated with 
fixed air, rufhed up into the phial, with nearly as 
much violence as if a vacuum had been formed in the 
“upper part of it.—The effect naturally reminded me 
of the condenfation of fteam or vapour in the fire 
engine ; and is fcarcely to be accounted for, without 
confidering it as proceeding from a fimilar caufe, or 
conceiving the included fixed air, as a greatly ex- 
panded and elaftic vapour of an aczd fpirit, fuddenly 
condenfed, and immenfely reduced in its dimenfions, 
qua acid, by the action of the alcali.—F reth portions 
of fixed air, introduced into the alcaline folution, fuc- 
ceflively difappeared ; and, upon the whole, in con- 
fequence of the addition of only thefe twenty grains 
of alcaline falt, the water received or condenfed about 
feven or eight additional ounces of fixed air. 


EXPERIMENT X. 
That I might fee the progrefs of the neutralifation, - 


‘I diverfified the ‘preceding experiment, by colouring 
D seas water 
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water with Litmus, fyrup of violets, and other blue 
infufions ; and by the change of colour induced, was 
enabled to fee the action of the mephitic acid on the 
different alcalifed liquors ; and in the infufion of Lit- 
mus particularly, could perceive the final predomi- 
nance of the acid, as inthe 7th experiment, by means 
of the red colour given by it to the liquor. 

Should the foregoing evidence for the exiftence of 
the mephitic acid, founded on the vifible changes of 
colour produced by it, be queftioned ; it is corrobo- 
rated, and indeed rendered unqueftionable, by the 
teftimony of another fenfe, in the following experi- 
ment. 


EXPERIMENT XI, 


The laft experiment was repeated, with a larger 
proportion of alkaline falt ; each ounce of water now 
containing fix grains of ala. ‘The folution had in 
a high degree the well-known acrid, urinous, and 
abominable tafte of the alkaline falt. ‘Tafting it, at 
different times during the courfe of the impregpation, 
the acrid and lixivial flavour was found to be gradu- 
ally diminifhed, in proportion as the fixed air was 
combined with it. Towards the end, the alcaline and 
urinous flavour was completely deiiisunds by the ac- 
tion of the mephitic acid ; and when the alcali was 
perfectly neutralifed, the folution, which was colour- 
ed with Litmus, on: being well agitated with freth 
portions of fixed air, received {till more of that flu- 
id ; at the fame time it became red, and its tafte was 
riow fimply, and not difagreeably, faline, and even 
fubacid. 

From. 
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From thefe and fome other experiments, I efti- 
mated, that an ounce of fixed air, or acid mephitic 
vapour, will neutralife between three and four grains 
of mild fixed alcali.; or perhaps fomewhat more. It 
was not indeed ealy, by this method, to afcertain the 
exact quantity. Part of the eae acid was doubt- 
lefs neutralifed, even in its paflage, in {mall bubbles, 
(as was the cafe in my experiments) through the 
alcalifed liquor. On the other hand, it is difficult 
to know whether, and how far, this lofs by condenfa- 
tion, Was counterbalanced, or more than counter- 
balanced, by the difipation at the ss hte of the 
liquor in the bafon. . 


EXPERIMENT XT], 


Effects fimilar to thofe related in the preceding 
experiment were produced, on adding the volatile 
alcali to water, and likewife the fo/fil alcali; but, as 
might be expected, in a lefs degree. It is fuippaled: 
that the latter owes’ the principal properties which 
diftinguifh it from the fixed vegetable alcali,’ 
to its containing a larger proportion of fixed air. As 
it is likewife frequently impure, if it fhould contain 
any of the marine acid capable of being difengaced 
from it; that acid, as fuperior to the mephitic, muft 
contribute to prevent fo large a portion of the latter 
from entering into the alkaline folution, as would be 
received when the pure vegetable alcali is employed. 


EXPERIMENT XIII, 


Having thus obtained a perfe@tly new neutral falt, 
(though in a ftate of CES I was defirous of af-— 
certaining 
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certaining fome of its chemical qualities ; and parti- 
cularly of trying whether fixed air, after having been 
neutralifed by an aleali, might not be expelled from 
it by means of fire, and come over poflefled of its 
acid quality. | | i , 

I took therefore fome of the produce of the rith 
Experiment, and firft neutralifed the fuperabundant 
mephitic acid, by dropping in Lixivium tartart till 
the folution loft its red colour, and became blue. 
With this liquor I nearly filled a phial, te which a 
bent tube was accurately adapted, and well fecured 
with very ftiff cement. Putting it into a pan of 
water, placed on burning coals, I fet a phial, filled 
with infufion of Litmus, over the extremity of the 
tube, which was immerfed in a bafon of water. I 
was furprifed to find that no, fenfible part of the large 
quantity of mephitic air, or acid vapour, contained 
in tae folution in a condenfed ftate, was expelled from 
the alkali, though the water in the pan was made to 
boil violently : and yet innumerable .fmall bubbles, 
probably the mere vapour of the heated liquor, were 
perceived to afcend from the bottom of the phiail. 
A very fmall portion of air indeed came over, at the 
beginning of the procefs, into the inverted phial : bur 
no part of it was abforbed by the infufion ; nor could 
any change of colour be produced in the latter by 
agitation ; neither did the faline folution, though fo 
long fubjected nearly to a boiling heat, exhibit, when 
cold, any tafte of the alcali contained in it. To dif- 
cover whether the apparatus might not have deceived 
me, I repeated the experiment in the fame bottle 
with pure water, faturated folely with fixed air; the 
greateft part of which came freely over, and afcended 
into the inverted phial. 


~ 
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Finding die a to acid thus refift nearly a cat 
ing heat, when combined with. the fixed alcali, but 
fhut out fie all communication with the common 
air; 1 was defirous of trying whether the neutral falt, 
foe of thefe two fubftances, might not poffibly 
be procured in a concrete or cryftalline form. But, 
on expofing different coloured folutions, the product 
of the 11th Experiment, in broad plates, to the com- 
mon air, in a warm room; the early change of their 
colour foon convinced me—(though the great quan- 
tity of the mephitic acid, which alcaline falts contain 
in their common ftate, fice adheres to them even 
in a confiderable heat—) that the acid, fuperadded to 
that before combined with them, has a much greater 
affinity to atmofpherical air, than to fixed alcaliimIn 
a few hours, the flight of the mephitic acid was fen- 
fible to the tafte; the infufions becoming gradually 
mere fenfibly. alcaline: Having ufed only fmail 
quantities, I cannot fpeak precifely as to the particu- 
lar nature of the falt left after the evaporation of the 
greater part of the water. In fome of the plates, very 
fmall cryftals were formed ; but the grea ateft part of 
the folution continued deliquelcent. —On the whole, 
the remaining falt did not appear to be fz o/fil aleali. . 


EXPERIMENT XV. 


Finding that fixed air acted as an. ont ae in n perfectly 
neutralifing alcaline falts,; I was naturally led, from 
analogy, to expect that it might likewife diffolve 
calcareous earths. On adding the fineft powder of 
common chalk to water, in a fuffiicient quantity to 

render 
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render it milky and opaque, I found, that on repeat- 
edly and forcibly agitating the liquor with frefh por- 
tions of fixed air, its milkinefs and opacity gradually 
difappeared. “The whole of the earth was at length. 
perfectly diffolved, and the water became tranfparent. 
—Pure magnefia was diffolved in the fame manner. 

When I tried this experiment, I did not recolle& 
one made by the Hon. Mr. Cavendifh, in his obfer- 
vations on what he calls the wnneutralifed earth in 
Rathbone-place water, and other waters *; by which 
he means an earth not diffolved or faturated by any of 
the known mineral acids, but fufpended in water by 
an additional preportion of fixed air. The prefent 
experiment fhews that it is neutralifed, or diflolved, 
at leait, by the mephitic acid. 

It is remarkable, as he obferves, that puie, or cal- 
€ined, calcareous earth, which is foluble in water, 
fhould, on being impregnated with fixed air, become 
totally infoluble in that fluid; and that by adding 
a ftill further portion of fixed air, it fhould be again 
rendered capable of being fufpended in water. Con- 
fidering fixed air as an acid, the fingularity in a great 
meafure difappears. More than one inftance in che- 
miftry occurs to me that refemble the foregoing.— 
Thus calomel, or mercury combined with the marine 
acid, is almoft totally infoluble in water (one grain 
requiring near 2000 times its weight of boiling water 
to diffolve it); but mercury fublimate, or mercury 
combined witha ftill larger portion of the fame acid, 
is very readily foluble in the fame liquid f. 

Since I wrote what goes before, the idea of an 
experiment occurred to me, which I immediately 


* Phil. Tranf. Vol, ¢7. p. 104. 
} See Baume’s Chymic. Experimental, &c, Tom, 2, p, 428, &e, 
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- executed ; and. the refult of which, though it comes 
‘in here rather out of its place, is too material and 


‘ decifive to be omitted. 


i EXPERIMENT XV. 


Recolle@ting that you had obtained fixed air, by 


means of fire, from volatile alcaline falts, I diflolved 
fome of the volatile falt of Sal ammoniac in water, 
swith which I nearly filled a phial fitted up with a bent 
“tube, which I fet on the fire in a pan of water. “The 
-fixed air which was expelled from this alcaline falt, 
swithout’ employing any other medium than heat, exhi- 
Dbited the very fame phenomena with that procured by 


the intervention of foreign acids. Although much 


-yolatile alcali muft have come over with it, and neu- 
tralifed a confiderable part of it; yet the mephitic acid 
_ewas fo much more abundant, as not only to neutralife 
‘the alcaline vapours that rofe along with it, but to 
‘be predominant in the coloured infufion into which it 
-was received. | This liquor was fo far acidulated with 
it; as to become of a bright red; and it required a 
fenfible quantity of fixed alcali to reftore its blue co- 
four, and neutralife it. ; E 


f EXPERIMENT xvr ri 


In confequence of the refult of this experiment, 
(though I had before found [Expariment XI1.] 
that fixed air could not be recovered, by means of 
heat, from a combination of it with fixed alcalt) i 


neutralifed feveral ounces of. it, .condenfed in wa- 


ter, with volatile alcaline falt, and then added more of 
the fame alcali; till the liquor was very fenfibly alca- 
jine. . , 


Treating 


Tue AP PEN DX. 355 


Treating this folution in the fame manner as in 
the 12th and the preceding experiment, I found, 
on the very firft application of the heat of boiling 
water, that the fixed air left the volatile alcali, with 
which it had been intimately combined, and indeed 
fuper-faturated ; and afcended, or was diffilled over 
into the inverted phial, in copious fhowers ; perfectly 
unchanged, from its union with the alcali, and pof- 
{efled of its acid, and all its other, qualities. 


Experiment, XVII. | 


Under this title, I fhall only recapitulate, as the 
general refult of all the experiments I have made, 
with a view to analife fixed air, and particularly to 
detach its acid from it, by means of alcalis ;—that 
this acid is a principle e/ential to the conftituence of 
this fluid ; if indeed it does not conftitute the whole 
of it. 1f a fmall quantity of alcali be employed, the 
remaining fixed air, which has been agitated with it, 
retains as much of its acid quality, as if it had never 
been fubjected to the action of the alcali. On the 
other hand, if a fufficient quantity of the latter has 
been agitated with it, in order to neutralife the whole 
of the mephitic aczd, the factitious air difappears. 
In fhort, fixed air, and its acid, if they be not one 
and the fame fubftance, appear; from all my refearches 
into the nature of this fluid, to be, at leaft, infepa- 
rable companions: they come and go together; fo 
that, when the acid is deftroyed, or lofes its diftin- 
guifhing characteriftics, the air, at the fame time, 
vanifhes from our notice. 


Some of thefe laft-mentioned experiments have 
been fo lately made; and the impreffion of your 
| Aaz fecond, 
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fecond volume is, as you inform me, in fuch for- 
wardnefs, that I have not time even to hint at the 
refults of the numerous collateral objets of inquiry, 
which the confideration of this interefting and fruitful 
fubject has fuggefted to me ; and wh ich I or others 
may hereafter profecute. 1 am pretty confident that — 
I have not been materially deceived in the experi- 
ments above related; or been tempted, by a predi- 
leGtion for a preconceived hypothefis, to draw con- 
clufions not fully warranted by the premifes. On 
that fuppofition I fhall terminate this long letter, or 
rather formal efflay, which I have not time, however, 
to fhorten, with a few mifcellaneous reflections, in 
the order in which they occur to me. 

1. The ultimate defign of all our experimental 
refearches into the properties of natural bodies, is, 
or ought to be, public utility. On this account, 
Z mention in the firft place a practical, ufeful, and 
perhaps important application of the refults of the 
eighth, ninth, and tenth experiments, A medical ufe 
may be made of the procefies there defcribed, in 
which a new neutral falt is produced, by com- 
bining the mephitic acid with alcaline falts ; in pu- 
trid difeafes particularly, and in all thofe cafes where. 
we would with to introduce a larger quantity of fixed 
air into the fyftem, than cau be condenfed by, or 
combined with, fimple water. By previoufly dif- 
folving in this fluid certain quantities of fixed alcaline 
falt, it may be made to receive twice or thrice its 
pulk, ora {till larger proportion, of fixed air. I have 
not made any experiments purpofely to afcertain how - 
far the folubility of the neutral mephitic falt in water 
extends : but from the 7th experiment it fhould feem 
to be poffeffed of this quality in an unlimited, or at 
jeaft in a very extenfive degree. Neither have I yet 

. had 


é 
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had opportunities of experiencing the qualities of very 
{trong folutions of this new faline neutral compound. 
It is ‘probable that they will be, at leaft in part, de- 
compounded in the ftomach, or prima vie. I, once 
only, drank eight ounces of alcalifed water, which 
had been neutralifed by about a pint and a half of 
fixed air; and was very fenfible of its effects, par- 
ticularly in my head, for fome time afterwards. It 

appeared likewife to act pretty ftrongly as a diuretic. 
From the very fhort experience I have yet had of 
Dr. Nooth’s apparatus (defcribed in the laft volume 
of the Philofophical Tranfactions) it feems to me 
well adapted to the preparation of this compound, 
or faline Pyymont water. All the junctures, how- 
ever, ought to be perfectly air-tight; as it is of ad- 
vantage that the alcalifed water fhould ftand a few 
days expofed to the action of frefh portions of fixed 
that it may be perfe&tly neutralifed, and even 

receive an excels of acid. | 

2. When a moderate quantity of alcaline falt has 
been diffolved in the water, as, for inftance, only 
three or four grains in each ounce, the artificial Pyr- 
mont water, into which I have converted this weaker 
alcaline folution, is of courfe more fapid, and appears 
to me more pleafant, than even that which has been 
made with fimple water. It has the fame acidulous 
tafte, when the procefs has been properly conducted ; 
and if it fhould be defired to have it ftill more pun- 
gent and acidulous, chemiftry will furnifh us with 
various expedients for difengaging a part of the me- 
phitic acid, at the time the water is drank. This 
may be effected either by different faline compounds, 
or by naked acids, or acefcent liquors. For the me- 
phitic acid is let loofe from its alcaline bafis by all the 
Aa 3 acids 
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acids which T have yet. had leifure to try; and even 
by the flight and latent acid contained i in wine, or 
other vinous liquors. ° 

3. Thefe experiments lead us to confider the com- 
mon or mid alcaline falts, as they are called, in a new 
point of view. They fhew, that the only true and 
fimple alcaline falt is the cav/?jc alcali, either fixed or 
volatile; which has been reduced to a pure alcaline 
ftate by the abftraction of the mephitic acid com- 
bined with it, through the fuperior affinity or attrac- 
tion of pure or fh oT that is, calcined calcareous 
earth. All the others are only /ubalkaline {alts, more 
or lefs combined with, and in part neutralifed by, the 
mephitic acid; and which are capable, as has been 
fhewn, of being completely neutralifed by it. 

4. When we expel, and collect, the mephitic acid © 
from an alcali, by means of the vitriolic, or any other 
acid, the procefs is perfectly fimilar to thofe by which 
we. expel and-diftill other acids from their alcaline, 
earthy, or metallic bafes, by means of a fuperior acid. 
The only material difference is, that the vapours of 
thofe acids, though equally elaftic, are, in general, 
readily conten aie and come over reduced into a 
liquid and palpable ftate : whereas the vapour of the 
mephitic acid more obftinately retains its elafticity ; 
which it preferves till a body is prefented to it, to 
which it has an affinity, and with which it then 
“readily unites. Your acid air, that is, the marine 
acid in a flate of vapour, | approaches neareft to it in 
this refpect. Like mephitic air, it preferves its elaftic 
or aerial qualities, when, co} nfined by glafs and mer- 
cury; and only differs from it in being much more 
readily and copioufly condenfed, when water is pre- 
fented to it. In that cafe, however, the phlegm which 


condenf es 
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denial acid air becomes a ftrong fpirit of fea = ; 
whereas that which condenfes fosed air, does it is 
fparingly, as to conftitute only a Pyrmont water, or 
a dilute folution of mephitic acid. 

5. It is a matter which may be worthy of fonnte 
inveftigation, to inquire whether pure fixed air be a 
fimple or compound fubftance ; and whether the me- 
phitie acid may not be procured, per fe, or ina liquid, 
vifible, or concentrated ftate; by the addition of a 
few drops of which, water or other liquors may be 
impregnated with it to any degree. From the expe- 
riments related in a letter of mine inferted in your 
former volume, [page 317, 1ft edit.] as well as from 
fome of your own obfervations, it appeared that 
nitrous air was the vapour of the nitrous acid, 
probably combined with phlogifton, or fome other 
fubftance * ; to which it owed its elafticity, or aerial 
form, and from which it was feparable by the ad- 
mixture of atmofpherical air. If fixed air be fimply 
the vapour of the mephitic acid, the tafk of thus con- 
denfing or concentrating it becomes defperate. But it 
may poflibly be united with fome volatilifing principle, 
to which it may owe its elafticity, and its being fo 
fparingly foluble in water. Purfuing this idea, I fore- 
fee many refources which chemiftry affords us, for 
accomplifhing this purpofe. As I have not, however, 


* The union of this principle with the nitrous acid in nitrons air, is 
fo frit, that the latter may be long and forcibly agitated in a phial; 
not only with water, but even with alcaline folutions, or lime-water, 
without being decompounded. But on holding the phial in an inverted 
fituation, fo as to fuffer*bubbles of ‘atmofpherical air fucceffively to en- 
ter, the decompofition each time vifibly takes place; and the rednefs 
and effervefcence appear on every frefh admiffion, till the whole of 
the nitrous acid, hereby diflodged from the other principle, has been 
combined with the included alcali or earth, 


Aa4 | had 
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had time to realife any of them, I thall not enlarge 
this Efiay with any of my various fpeculations on 
this fubject, 

o+ . ) ae, | Wm. Rewer. 


See Mr. Bewly’s third Letter, No. vt; 


NUMBER i. 


A Letter from Dr. PERervat, F.R.S. id S.A, 
to the Rev. Dr. Prizstity, on the Solution of 
— Stones of the Urinary and of the Gall Bladder, 
” EEE Water with Fixep Air. 


—— June 1, 3775. 
Dear Sir, 

1. flatter myfelf that FrxED AIR is now become an 
object of the attention of phyficians ; as it has been 
fully fhewn that it is capable of being applied to many 

important medicinal purpofes. In pulmonic diforders, 
the gangrenous fore throat, and in malignant fevers, the 
happieft effects have been experienced from the ufe of 
it; and I know not a more powerful remedy for foul 
alc as it mitigates pain, promotes a good digeftion, 
and corrects the putrid difpofition of the fluids. I 
have related feveral cafes, in the Appendix to your 
treatife on air, which evince the truth of thefe obfer- 
vations; and fince the publication of that work, 4 
variety of fimilar faéis have occurred to my feirned 
friend, Dr. Dobfon, in his hofpital-practice at Li- 


‘eee 

ut I havea farther and very interefting difcovery, 
concerning the medicinal properties of this fpecies of 
- fa&titious air, to communicate to you. About the 
end of laft year I was informed that Dr. Saunders, 


a phy- 
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a phyfician in London, eminent for his knowledge 
of chemiftry, had employed it as a folvent of the 
human CALCULUS. 

I was ignorant of the manner in which his trials 
were conducted, and of the fuccefs which had at- © 
tended them: but my curiofity was. excited; the 
acquifition of fuch a remedy was flattering to my 
hopes ; and] engaged in the purfuit of it almoft with 
as much ardour, as if it had been the philofopher’s 
ftone. I recollected that Dr. Black and Mr. Caven- 
difh have proved the folubility of various earthy 
bodies in water, either by abftraCting from, or fuper= 
adding to the fixed air which they contain: and as 
the human calculus is diflolved in the former way by 
lime-water and the cauftic alkali; it appeared highly 
probable, that the like effeét would be produced on 
the fame fubftance by the latter mode of operation. 
Analogy feemed favourable to the hypothefis; and 
experiment has confirmed it. I have found by re- 
peated ‘trials that calculi, extracted from different 
fubjects, and varying in fize, figure, and texture, are 
foluble in water impregnated with fixed air ; that this 
menftruum is more powerful in its operation even 
than lime-water ; and that though it is inferior in 
efficacy to the vitriolic acid, and the cauftic alcali, 
yet it is more univerfal in its action than either of 
them. For it is well known (fee Dr. Dawfon’s 
Experiments, Medical Tranfactions, vol. 2. p. 105) 
that fome ftones, which are diffolved by the cauftic 
alkali, are unchanged by the vitriolic acid, and vice 
verfa; whereas the mephitic water, as far as my 
obfervations have reached, aéts upon every calculus 
which is fufpended in it. And I have tried it with 
thofe which have fuffered no diminution of weight 

from 
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from the menfirua above-mentioned, I do not trouble 
you with a detail .of my experiments, becaufe they 
vould exceed the bounds of a letter, and I {hall pro-. 

bably publifh them, -with fuch remarks as they may 

fuggeft, on fome future occafion. 

~ But T cannot reftrain myfelf from expreffing the 
heart-felt {atisfaction which I enjoy in the difcovery 
of a new lithontriptic medicine, that is at once grate- 
ful to the palate, ftrengthening to the ftomach, and 
falutary to the whole fyftem. _ Lime-water often nau- 
feates the patient, deftroys his appetite, and creates. 
the heart-burn: and the foap-ley is fo cauftic and 
acrimonious, that it can be taken only in the {malleft 
quantity; frequently produces bloody urine; and ag- 
gravates the tortures which it is intended to relieve.’ 
Both thefe remedies. alfo. require a very firict regimen 
of diet, and their qualities are liable to. be changed 
either: by acidities, or the fermentation of our food 
in the firft paffages. . But the mephitic water may be 
drunk in the largeft quantity without fatiety or incon-. 
venience : it requires no. reftriCtions in diet, and its 
medicinal virtues will be undiminifhed in the ftomach 
or bowels. Perhaps it may be queftioned whether 
fixed air can be conveyed by the ordinary courfe of 
circulation to the kidrieys and bladder > In an elaftic 
ftate it certainly cannot; but diflolved in water, it 
may, pafs through the vafcular fyftem, without crea- 
ting the leaft difturbance or diforder ; and by its diu- 
retic quality, will be powerfully determined to the 
arinary organs. So ftrong is the relation that fubfifts 
between mephitic air and water, that they remain 
firmly combinedy although expofed to confiderable 
variations of heat and cold. You found"that it ire- 
quired half @n hour, even when the boiling heat was 
“ employed, 
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employed, to expel compleatly the fixed ‘air from a 
phial of impregnated water ; and I have obferved that 
it has retained its peculiar flavour feveral days, when 
left in a bafon, with a large furface open to the ex- 
ternal air. 

But to obtain more fatisbachon'y evidence upon this 
fubject, I filled a bottle with mephitic water, and 
placed it in a heat of about 98 degrees of Fahrenheit’s 
thermometer, A bent glafs tube, a quarter of an 
inch in diameter, properly luted at each end, formed 
a communication between this bottle and one of 
lime-water, to the bottom of which it extended. An 
inteftine motion foon enfued; air-bubbles were flowly 
conveyed into the lime- water ; and a white preci- 
pitation was gradually formed. 

In an hour and a half the lime-water was become 
turbid; but was quickly rendered quite milky. by 
blowing air into it from the lungs. The mephitie 
water {till retained its brifk acidulous tafte; and when 
a greater degree of heat (108°) was applied to the bottle 
which contained it, a brifk inteftine motion was 
renewed. 

_ As the vapour of chalk, and oil of vitriol, has been 

found fo efficacious in correcting the fanies, and 
abating the pain of foul ulcers, when externally ap- 

plied, we may reafonably prefume that the internal 

ufe of the fame remedy will prove beneficial in fimilar 

affections of the urinary paflages. Such complaints 

frequently occur in practice, and may arife. either 

from calculi in the kidneys and bladder ; from the re- 
ceffion of {fcorbutic eruptions, which appeared on the 
furface eyot the body ; from the venereal difeafe ; from 

firains ; from contufions; or various other caufes. 

And _ water impregnated with fixed air, feems well 
adapted, by its diuretic, healing, and antifeptic powers, 
. t® 
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t6 wath off, and fweeten the acrid matter, té abate 
the defluxion on the mucous membrane, to contract 
the flabby edges of the ulcers, and to difpofe them to 
a fpeedy granulation. If the pain, inflammation, 
and abforption of pus have excited a hectic fever, the 
patient may drink plentifully of Seltzer water, which 
is of a cooling quality, although it abounds with me- 
phitic air: or afmall quantity of Rochelle falt may 
be added to the mineral water artificially prepared. 
‘Thus will the increafed action of the heart and arte- 
vies, which may arife from the ftimulus of the fixed 
air, be entirely obviated, without the leaft diminu- 
tion of its medicinal powers. And whilft the fanc- 
tion of experience is wanting, reafon will juftify the 
trial of a remedy, which i is, at once, fafe, pleafant, 
and efficacious. 

In ulcers of the kidneys and bladder, the urine is 
commonly high coloured, pungent, and of an offen- 
five fmell. To afcertain whether fixed air would cor- 
rect thefe qualities, I attempted the following dif- 
agreeable experiment. 

Repeated ftreams of fixed air were conveyed into 
three pints of urine, which had been kept till it was 
become very putrid, and which emitted a ftrong vo- 
Tatile odour. I examined the {mell of it from time 
to time, whilft this procefs was carrying on, and 
compared it with a portion of the fame urine which 
was referved as a ftandard. The pungency of it gra- 
dually diminifhed ; it acquired a brighter colour, and 
was lefs turbid ; but its putrid odour feemed to be 
increafed. Thefe obfervations were. made in the 
evening, and early the next morning I awoke with 
a violent head-ach, which was attended with a vo- 


miting and a diarrhea. Alarmed at thefe effects, 
I which 


Tue APPENDIX. 365 


which I attributed to the putrid vapours of the urine, 
I dropped the profecution of the experiment , but_ 
the fucceeding day, Mr. Thomas Smith, a young” 
gentleman, who will one day be an ornament to the 
profeifion of phyfic, undertook the examination which 
I had begun: and after attentively comparing toge- 
ther the ftandard and the urine impreenated with 
fixed air, he found the latter more offeniively putrid 
than the former, but without any degree of pun- 
gency or volatility. As this experiment was not com- 
pleated, 1 am uncertain whether the urine was fweet- 
ened by the mephitic air. But it is evident that the 
volatile alkali, generated by putrefaction, was either 
neutralifed, diffipated, or prevented from afcending 
by the atmofphere of fixed air, which filled the upper 
part of the veflel. Perhaps this atmofphere might 
he the z.en/iruum of the putrid effiuvium, emitted by 
the urine, which being then accumulated, would ap- 
pear to have its foetor increafed. In another work, 
I have related an experiment of Mr. Henry’s fome- 
what fimilar to this, and which fuggefted to him the 
like explanation. A piece of putrid flefh was fui- 
pended twelve hours in a three-pint bottle clofely 
corked, and filled with fixed air, which had been 
feparated from chalk by the vitriolic acid. The beef 
was confiderably fweetened, but the air in the-bottle 
was rendered intolerably offentive. 

The waters of Bath, in Somerfetfhire, have been 
long and juftly celebrated for their efficacy in the 
jaundice, and other hepatic diforders. ‘They abound 
with fixed air; and it may be of importance to afcer- 
tain whether they derive from this active principle, 
the power of diffolving the concretions of the bile, 

and 
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and of remoying the obftructions in the liver. I was. 
induced. therefore to try the folubility of gall ftones in 
mephitic water. But I have yet only a folitary expe- 
iment on the fubje@ to offer to you. A gall ftone, 
that had been extraéted from a tumour in the region: 
of the liver, was ‘divided into two parts. One of 
thefe, which weighed fifty-one grains and a half, was 
ummerfed four-days in rain water, ftrongly impreg- 
nated with fixed. air. he other weighed. twenty 
‘grains and a quarter, and was macerated in {imple 
rain-water. during the fame fpace of time. ‘The frit 
fragment, when carefully dried, was become heavier 
by one grain, having gained fo much from the fixed 
air. In. texture and appearance it remained~un« 
changed;. » The fecond fragment had loft one eighth 


of a grain. 2 ae Tae 
I mean not to draw any decifive inference from 4 
fingle experiment. But it is probable that the Bath 
waters refolve concretions of the bile, not fo much 
by a chemical operation, as by accelerating the fecre- 
tions of the liver, ftimulating the organs of digeftiony. 
and invigorating the whole .animal fyftem. Nature 
indeed obferves a peculiar oeconomy in the circulation 
of the blood. through the liver:; and as the bile is-one 
of her moft elaborate fluids,-it mutt be difficult. to 
introduce a foreign and unaffimilated fubftance into it. 
From analogy, however, we may conclude, that this 
is not impracticable. .The milk and the faliva are 
frequently impregnated with. adventitious matters ; 
and thefe animal liquors, like the bile, are fecreted 
by organs of a: particular ftru@ture, and for determi- 
nate and important purpofes. . A remedy which’ would 
pals unchanged into the fyftem of the liver, and me- 
of | dicate 
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dicate the bile; fo as to render it unapt to coagulaté, 
or enable it to refolve the concretions already formed, 
would be a moft valuable acquifition * ; and the ob- 
ftacles to the attainment of it fhould rather be re- 
garded as incitements to our induftry, than apologies 
for fupinenefs and defpair. Such, it muft be ac- 
‘knowledged, they have proved 3948 “appears from the 
variety of diffolvents which have been propofed and 
tried. Acids, alkalies, foap, ardent and dulcified 
fpirits, with frefh vegetable juices, have been recom- 
_mended. Valifnerius found-that..a.cempofition of 
alcohol and oil of turpentine deftroyed the texture 
and cohefion of gall ftones, more perfectly than any 
other menftruum +; and Mr... William White, of 
-York has fully confirmed this obfervation; by a,num- 
ber of judicious experiments which he has commu- 
nicated tome. Some time ago I thought favourably 
of this remedy, and endeavoured to promote the trial 
of it {; but farther refieCtion has convinced me, that 
‘the continued ufe of it is more likely to prove inju- 
rious than beneficial.. Spirituous liquors; of all forts, 
have a peculiarly unfavourable operation on the liver-; 
and it would be abfurd to feek a /pecific medicine for 
the difeafes of the bile, in what experience has fatally 
fhewn to be a /pecific poifon to the organ which fecretes 
it. Perhaps fixed air, under fome form or other, 
may hereafter be found to be the defideratum, which 
we have been fo long purfuing. At leaft, we may 
be allowed to attribute fome fhare of the virtues which . 
the Bath waters poffefs, to this ingredient in their 
‘“compofition ; and when they cannot be employed, te 


* Vide Medical Tranfattions, vol, 2. p. 165, 
+ Opere, tom. 3. p. 6. 
}Y Effays Medical and Experimental, vol. 2+ p, 232. 
recom- 
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recommend the mephitic water, as an innocent and 
efficacious fubftitute. 


Iam, with fincere refpe@ and efteem, 
Dear Sir, 
Your moft faithful and affectionate friend, 


Tuo. PERCIVAL. 

P.S. Since this letter was written, the young gen- 
tleman, whofe name I have before mentioned with 
refpect, has at my defire taken large quantities of 
mephitic water daily, during the {pace of a fortnight. 
His urine became impregnated with fixed air, preci- 
pitated lime-water, and proved a powerful diffolvent 
of the calculi, which were immerfed in it. 

Dr. Saunders, to whom I have communicated my’ 
_ obfervations on the folution of human calculi by me- 
‘phitic water, has lately favoured me with a general 
account of his diffoveries on this fubjeét. There is a 
perfe& agreement in the refult of our experiments, 
and we propofe to publifh them together, 


N VU M.- 
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A Letter from Dr: Dosson of Liverpool to 
Dr. Prisstiey ; with Cafes of the Efficacy of 
Fixep Air in putrid Diforders. 


Liverpool, March 295 1775: 
Dear Sir, 


‘My friend Dr. Percival has eae informed. me, 
that you are about to publifh a fupplement to your 
valuable work on fixed air. 

The gentlemen of the faculty have not given that 
attention to the medical ufes of fixed air, which I 
think it merits: and a late medical writer, (vide Dr. 
Lettfom’s Medical Memoirs of the Gener. Difpenf. 
P- 334+) doubts whether fixed air has any real efficacy 
even in difeafes of a putrid clafs.. I have tranfcribed 
therefore four cafes from a number of others, which are 
much at your fervice. If they are too os or do not 
coincide with the intention of your prefent publica- 
tion, pleafe to return them, that they may be joined 
with fome other cafes and practical obfervations, 
which I fhall give to the public as foon as I have 
time to tranfcribe them. | 

That Dr. Prieftley may long enjoy health, and the 
world reap the fruits of his qiulotophical labours, 
are the fincere withes of his 


Refpectful and obedient fervant, 


Mart. Dosson. 


Bb Of 
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Of the Efficacy of Frxep Arr in Fevers of the 
| “putrid Clafs. 


Putrid fevers rarely acquire any great degree of 
malignancy in Liverpool, or its neighbourhood ; and 
when they do appear, it is generally among the lower 
ranks of people. A fever of this kind crept into our 

public hofpital in the fpring of the year 1773, and 
a confiderable number were infected. 

The following hiftories are tranfcribed from the 
notes, which were taken during my attendance on 
the refpective patients. reel 


- Aiftory I. 


Mary Rainford, about 15 years of age, was ad- 
mitted into the hofpitalon account of convulfions ; 
the was fubject likewife every three or four weeks to 
vemit large quantities of blood, and was much en- 
feebled by thefe complaints. at the time of her being 
~feifed with the fever. 7 

She firtt complained of pain and weight in the head, 
pain in the limbs and back, and a great degree of 
languor and dejetion ; fhe had frequent chills, alter- 
nating with flufhes of beat, and got very little reft. 
“The tartar emetic was twice given, and operated eafily 
and powerfully by vomit; a blifter was apphed be- 
tween the fhoulders; and a dofe of the following 
mixture was ordered to be taken every three hours. 


K Sp. 
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R. Sp. Minderer. 3 viij. 
Sacch. Alb, 3iij. 
Sp. Lav. com, 2fs. AL. Gap. Coch. 17. maj. 
tertid guague bora. 


She had for common drink lemonade, with fweet 
mountain, or barley-water well acidulated ; the body 
was kept foluble either by clyfters, or fome gentle 
purgative, and the room was well aired by opening 
the door and windows. But notwithftanding the 
fteady ufe of thefe means, the fever became more and 
more untoward, and was on the fixth day accom- 
panied with fuch dangerous fymptoms, as made it 
neceflary to adopt fome other method. The eyes 
were heavy, the conjunctiya red, large petechiz 
fpread over different parts of the body, the tongue 
was covered with a brown fur, and the teeth with a 
fur of a blackifh colour; the was very feeble, got no 
fleep, and was frequently delirious, efpecially in the 
night. Hitherto the ftate of the pulfe had been about 
120, now it was 135, and very weak. 

_ Fixed air was now directed in the following manner. 


R. Sal. Tartar. Bj. 
Ay. Fontan. 3 f. 
Sacch. Alb. Bj. MM. Sumend. cum Sacc. Liman. 30, 
incipiente ebullitione ; et omms hora repetend, 


From the time fhe entered upon this plan, the. 
phe cue were more favourable, fhe took no other’ 
medicine, and was out of danger in four days. 


Bb 2 fLifrery 


47% Tur APPENDIX. 


Hiftory MU. 


“Alice Rigby was: received into the hofpital for a 
fore leg, and during ‘her ftay was attacked with the 
fever of the houfe. The progrefs and treatment of 
the difeafe for the firft’'week; were nearly the fame 
as in the preceding: cafe. On the feventh day fhe was 
extremely weak, got no reft: there were large pete- 
chize on many parts of the body, the brain was much 
affected, pulfe 125, and the tongue little differing 
from its natural appearance. | | i 

Fixed air was now adminiftered in the fame man- 
ner as to the former. patient.—The petechize foon 
began to difappear, fhe got firength, the pulfe became 
fuller and flower, and the fever was fubdued in fix 
days by the ufe of this medicine alone. ‘The bark 
was at this time ordered, as an additional fecurity 
againft a relapfe. + 


ipo ite 


March 20. A confultation was defired for Ann. 
Knowles, who had. been in the hofpital for a con- 
fiderable time, and was much reduced by a long 
continued rheumatifm at the time fhe was attacked 
“with the fever. ‘This. was the feventh day of the 
difeafe;, and though fhe had been very judicioufly 
treated by the gentleman under whofe care fhe had 
been at firft admitted, the fever grew daily worle, 
and was now accompanied with many dangerous 
<fymptoms. gt 
pilegh ce I ob- 


8 
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I obferved an extreme languor and dejection ; the 
eyes heavy, the eye-lids half clofed, and the con- 
junctiva inflamed. ‘There was a fupor, with a mut- 
tering kind of delirium, and a continual toffing and 
moaning. ‘The pulfe very weak and very frequent, 
more than 140 ina minute, the tongue moift and 
clear, and not altered fan its natural appearance, 
except that it was of a deep red. The whole body 
was covered with fmall petechiz ; fhe had frequent 
ftools, which were extremely offenfive, and her little | 
remains of ftrength were every hour ftill more and 
more exhaufted. 7 

It was agreed, that fhe fhould take the lived air in 
the fame way as I had ordered it for the two crea 
patients, 

March 21. The good effects of this medicine were 
evident, though the fymptoms were {till urgent and 
alarming : the ftools lefs frequent, but offenfive: the 
pulfe 130, and not fo languid: in other refpects the 
patient was not much altered. . 

23. The. petechie difappearing, the loofenefs di- 
minifhed, and the ftools much lefs offenfive ; pulfe 
110, eens and gets ftrength. The medicine was 
now to be given only every four hours. 

24. Stronger and better, pulfe roo, head much 
clearer, and the tongue has more of its natural red. 

26. Pulfe 85; and from this time the fever entirely 
left her. She took no other medicine, and had no 
relapfe. 

I have directed ued air both in hojpital and pri- 
vate practice for a variety of patients, in’ difeafes ac- 
companied with fymptoms of putrefaction, and-with 
fuccefs, It would be fuperfluous to enter into a fur- 
ther detail of particular hiftories. “The following ac- 

Bb 3 count, 
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count, however, of the happy effects of fixed air in 
the fecond fever of the {mall pox, is fo ftriking a 
proof of its efficacy in difeafes af the putrid clais, 
that I muft tranfcribe it. | 


Hiftory IV. 


Ann Forbes, fervant to Mr. Hume of York-ftreet, 
Liverpool, had the confluent finall pox ih Avent 
1773. The weather was extremely hot, and the 
fymptoms fo very unfavourable, that there did not 
appear the mof diftant hope of her recovery. Par- 
ticular care was takeA to have a tonftant fapply of 
frefh air, and the antiphlogiftic treatment was ftridly 
purfued during the inflammatory fever. The difeafe 
was mow advancing into the putrid fare, and the 
fecond fever commenced with little or nd appearance 
of fuppuration. 

Notwithftanding every precaution with refpe® to 
the free accefs of air, change of linnen, and every 
circumftance of cleanlinefs, the unlimited ufe of 
oranges, lemonade, and wine neous, this poor crea- 
ture was the moft tnifereble objet I ever beheld, 
She became extremely offenfive, ahd had the appear- 
ance of ‘one Continued mafs of putrid ichor: the 
pulfe fmall and rapid, and the hed a conitant reftleii- 
nefs with inexpreffible anviety. 

A purgative was dire€ted, and a glafs of fweet 
faountaia after every ftool. The fymptoms, how- 
ever, became more and more alarming, the offen- 
fivenefs was ‘almoft intolerable, and the was fre- 
quently fick, agitated, trembling, and like one about 
to-expire. In this uegent fituation, I determined to 


try 
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try the effects of fixed air, and it was given in the 
manner already mentioned. 

The nurfe and attendants foon obferved an agree- 
able change. In 24 hours, the putrid ftench was 
much diminifhed, the breath of the patient was not 
near {fo offenfive, and the room was very tolerable 
compared with what it had hitherto been. She was 
cooler, had lefs anxiety, and the pulfe became fuller 
and flower. In two days more, fhe was ftll much 
better : and by repeating the purgative, giving wine 
occafionally,. and perfevering in the ufe of the fixed 
air, her recovery was furprizingly {peedy and perfect. 


NUMBER Ivy. 


Extraéd of a Letter from Joun WarREN, M.D. 
of Taunton, to Dr. Prisstiey, with a me- 
dical Cafe, proving the U/e of sed of FixeD 
Air in a putrid Difeafe. 


‘Taunton, Oct. 3, 1775, 
Sir, 

In compliance with your requeft, I have done 
myfelf the honour of fending you an account of a 
medical cafe, in which the application of fixed air 
proved fo remarkably fuccefsful, as to leave no 
room to doubt of the great advantages the medical 
world might derive from its ufe, in putrid difeafes 
of the worft and moft formidable fpecies. 

I have for many years paft been ftrongly prepof- 


fefled in favour of the utility of fixed air in certain 
Bbh4 | medical 
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medical cafes, from its peculiar virtue verified by Dr. 

Macbride’s experiments, in fweetening putrid flefh, 
_and-reftoring to it that texture, which it muft of. 
courfe have loft by undergoing fuch a change; nor 
have I, in the practice of my profeffion, found my- 
felf difappointed of the advantages which I flattered. 
myfelf from theory, might be derived from its ufe. 

I have latterly employed it in almoft every putrid 
cafe that offered; and though I am by no means fo 
partial to its virtues: as to attribute the whole merit 
of a recovery toit alone, when.probably other medi- 
cines, ‘with which it was joined, were alfo entitled to 
their fhare, yet | am thoroughly convinced, that the 
fuccefs | have met with, in the treatment of putrid 
diforders, is, in a great meafure, to be afcribed to the 
large quantities of this fluid which I have conftantly 
enjoined my patients to make ufe of. 

Various have been the modes which I have adopted 
for introducing it into the fyftem—I order it frequently 
to be given by clyfter, fometimes ‘to be inhaled by: 
the mouth (particularly in ulcerated fore-throats with 

_ the greateft advantage) and it is with the fame view 
alfo of. correcting putrefaction, that the common 
drinks, which I allow my patients, are almoft all of 
them impregnated with this fpecies of air, as Pyrmont 
water, brifk {mall beer, currant wine, and the like.’ 

“yield beg leave here to fubjoin a practice I have 
for fome time paft found productive of the moft be- 
neficial confequences in the treatment of putrid di- 
feafes in children—lIt 1s commonly known, that phyfic 
of every kind is to them peculiarly obnoxious, and 
thoufands annually fall a facrifice to diforders ees 
a mere antipathy to it. T’herefore, whenever I per- 
ceive a child utterly averfe-to take medicine, if the 

Peru- 
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Peruvian bark is proper, I give it by clyfter, and 
order the milk (its beft and moft common vehicle 
when given inthis manner) to be as thoroughly im- 
pregnated with fixed air as poffible, 
I have the honour to fubfcribe myfelf, 
wae Te 


Your very obedient fervant, 


JoHn War REN. 


The Medical Cafe. 


Mr. C , aged 23, a gentleman of great tem- 
perance, and of a good conftitution, laboured under 
an irregular nervous fever for the fpace of ten weeks, 
attended for the moft part with delirium, and almoft’ 
conftant watchfulnefs. 

At the expiration of this period, fymptoms of pu- 
tridity began to make their appearance, feemingly 
however more owing to emaciation, and to the long 

‘continuance of his difeafe, than to any original con- 
tagion. - The Peruvian-bark had from time to time, 
particularly during the latter ftages of his illnefs, been 
- adminiftered to him, which, on the appearance of 
putrefactive fymptoms, was increafed to the quantity 
of two fcruples, given in the form ofa bolus, with 
thirty drops of elixir of vitriol, every two hours. 
Every thing he drank was acidulated with the juice 
of lemons or oranges, and his common liquor was 
Port wine mixed with Pyrmont water. This courfe 
was perfifted in for fome days, the putrid complaints 

however 
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however increafed, and fo great was the feetor emitted 
with his breath, and arifing from his body, that not- 
withftandinge his being fupplied with a conitant fuc- 
cefion of frefh air, and though large quantities of 
vinegar, lavender-water, and rue, with other odo- 
riferous fubftances, were conftantly made ule of to 
purify his room, yet all were found perfectly inef- 
feftuat. His ftools, which at this period confilted of 
little elfe than putrid blood, and which came from 
him in great abundance (in the whole to the amount 
of many pounds) were abfolutely intolerable, nor 
was it without much difficulty that the nurfes could 
be induced to remain any longer near him. - 
Univerfal languors, with almoft total infenfibility, 
now fupervened: an earthy coldnefs diffufed itfelf 
through every part of his body, nor were the hotteft 
-fomentations, though continued three hours toge- 
ther, capable of procuring him any degree of 
-warmth,—Every breath, he drew feemed to be his 
laft.—In this deplorable fituation he continued a 
whole day, his bolufes were emitted through necef- 
- fity, and with difficulty we could, from time to time, 
get him to fwallow a few fpoonfuls of fome warm 
cardial medicine; which, however, by continually re- 
peating, began at length, in fome degree, a little to 
revive him. | 
T now ordered him elyfters of fixed air, of which 
a large bladder full, containing near two quarts of 
air, was every three or four hours injected, and his 
bark bolufes were again given to him, as often as his | 
ftomach would allow him to take them. In the fpace 
of eighteen hours, the cadaverous feetor arifing from 
him, began to abate ; Jarge vibices, Or putrid blotches, 
were now, for the firft time, difcovered on almoft 
| every 
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every part of his body, his pulfe however was better, 
and his warmth in fome little degree returned ; the 
bolufes and clyfters were ordered to be continued. 
In four or five days the noifome {mell became im- 
perceptible, the vibices gradually diminifhed, and his 
fever left him. He is now perfectly recovered, and 
a living miracle of what fixed air, under Divine Pro- 
vidence, is capable of effecting on the human oeco- 
nomy, in cafes of the worft and moft putrefaCtive 
nature. 

Joun Warren. 


NUMBER V. 


A Letter from Mr. Macerivan to Dr, Pairst- 
Ley, onthe Subjedt of EPHLOGISTICATED AiR. 


Dear Sir, 


Among the many important difcoveries for which 
the philofophical world is indebted to you, chiefly in 
that new and extenfive branch of natural knowledge 
refpecting different kinds of air, a very ftriking one is 
the exhibiting, in the form of this fluid, many folid 
bodies, and moft of the known acids. It is with the 
moft pleafing aftonifhment that I have always beheld 
that experiment, by which any unprejudiced mind 
muft be convinced, that atmofpherical air, even the 
pureft, and the fitteft for animal refpiration, is pro- 
duced by heat from a mixture of nitrous acid with 
any dephlogifticated earth, as red lead, chalk, &c. 
For, after having extracted from this mixture all the 
air that fire can expel, which is a prodigious quamn- 
tity, when you repeatedly add freth nitrous-acid to 

the 
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the refiduum, you get a frefh quantity of this pureft 
air, till all the earthy fubftance difappears. 

This, however, being a very tedious procefs, 
when carfied on with the moft fcrupulous attention, 
it came to my mind, that it would be fufficient to ex- 
amine at the end of the firft proceis, whether the re- 
fiduum from the above mixture contained any part of 
the nitrous acid which had been put to it. ‘To clear 
up this doubt, I kept for that purpofe, with your ap- 
probation, the very fame refiduum of that procels of 
the kind which we made a few days ago, to thew this 
wonderful kind of air to his Highnefs Prince Orloff, 
and with it I made the following experiments. 

I put into a large phial a weak blue tinGure of ar- 
chil, and after mixing it well, I poured two thirds of 
it into two fmaller phials, in one of which T puta 
good quantity of the faid refiduum, and into the other 
as much of the dried mixture of red lead, with ni- 
trous acid. The blue colour of this laft phial difap- 
peared in a few feconds, leaving the liquor almoft lim- 
pid and tranfparent ; but the other tincture, with the . 
refiduum out of which the air had been expelled, 
fhewed no change of colour, when compared with 
the remaining quantity of the tin@ure left in the large 
veliel — | i = . 

I repeated this morning the fame experiment with 
the tin@ture of turnefole, and found the fame effeQ, 
with this only difference, that the tincture turned red- 
dith in the glafs, which contained the dried mixture 
of red lead with nitrous acid, whilft the other kept 
its blue colour. 


- ~ 


This 
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This feems to evince, with the greateft certain- 

ty, that the nitrous acid in this experiment is en- 
tirely fet free by the action of the fire, in the form 
of air, and being at the fame time combined with fome 
part of the earthy matter, becomes refpirable air. 
It is remarkable that this air has no acid in it, as may 
be concluded from the effect of fhaking it with’ the 
above tincture in a phial, which I did: for it does 
not change the blue colour ; whereas if the fame ope- 
ration is made with fixed air, it is changed almoit 
: inftantaneoutly into a very decided Scapinene colour, as 
is well known. 

_ Now fince the air produced Frond eke mixture of 
earth with nitrous acid, not only does not difcover 
the leaft acidity, but proves to be the pureft and. the 
moft wholfome for animal refpiration, it plainly de- 
monftrates that either air is not an element, or acid is 
not one, as fome chufe to affert: fince nitrous acid 
is reduced into air, together with the earth, in the a- 
bove experiment, without leaving behind any acidity 
to impart it to the air which comes out from it. 
As to myfelf, I fhould rather think there is a tranf- 
mutation of e/ements into one another, if fuch name 
may be ufed in this cafe; for we fee by the above 
experiment, that acid and earth gre tranfmuted in- 
to air, and by the experiments of Mr. Godfrey, pub- 
lifhed in 1747, it feems that water is convertible into 
earth, 

If you think the above may be any elucidation or 

_ confirmation of your experiments on this fubje&t, you 
are at liberty to make what ule of them you pleafe. 


Dear Sir, Yours, &c. 


‘London, 20th Noy. J. H. De Mace tran. 
t775* 4 
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NUM EE RY VI. 


Mr. Bewry’s third Letter to Dr. Prrestiry, 
containing farther Experiments and Obfervae 
tions on the mephitic Atid.. See p. 337, Fe. 


Dit 


On perufing fome “ the firft fheets of your new 
volume, which you have been fo obliging as to tranf- 
mit to me, together with a few pages of a treatife juft 
publithed by Sig. Landriani of Milan *, relative to 
the fubjeét of my former letters; I find that fome of 
the foreign philofophers, who ac knowledge the exift- 
ence of an acid in fixed air, confider it only as an ex- 
trinfical principle furnifhed by the particular acid that 
has been ufed in the procefs for procuring it. Sig. 
Landriani, in particular, who, from the fpeci- 
men which you have fent me of his work, appears to 
be a very intelligent and accurate inquirer, there af- 
firms, that the fixed air expelled from chalk by the 
vitriolic acid, and received into an inverted phial 
plunged in mercury, produces, on the admixture of 
alcaline air, cryftals of vitriolic ammoniac ; and that 
when the zitrous acid has been employed, a nitrous 
ammoniac is formed, which deflagrates ee the 
addition of any phlogiftic matter. 

The fame philofopher affirms (with a view to fhew 
that the acid in fixed air is only a modification of the 
particular acid employed in generating it) that a given 


# Intitled, Ricerche Fifiche intorno alla falubrita dell’ Arias 
ao quan- 
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quantity of the infufion of turnefole, which will be 
changed red by a certain quantity of fixed air expelled 
from chalk by the frong vitriolic acid, will not have 
it’s colour altered by an egual quantity of fixed air 
procured by a weak vegetable acid, as that of lemons. 
He further afferts, that fixed air betrays, even by it’s 
fmell, and by the flavour which it imparts to the wa- 
ter faturated with it, the particular acid to which it 
owes it’s acidity. He particularifes the fixed air ex- 
pelled from chalk by the nitrous acid, and that ex- 
pelled by the juice of lemons ; obferving, that the 
particular fmells and flavours of thefe two acids may 
be diftinGly perceived in thefixed air refpectively pro- 
cured by them, as well as in the water impregnated 
with them. 

In thefe particulars I apprehend that Sig. Lan- 
driani has been deceived by appearances, and particu- 
larly by attributing to fixed air, in general, the attri- 
butes of fixed air accidentally /sphifticated by foreign 
admixtures. This fluid undoubtedly, like all other 
fluids, is liable to receive taints or impregnations 
from any fubftances capable of being elevated into va- 
pour, and of being diflolved or fufpended in it. ‘The 
hypothefis maintained by him and by other philofo- 
phers on the continent, with refpect to the foreign 
or adventitious origin of the acid in fixed air, very 
naturally occurred to myfelf at the beginning of this 
inquiry : but the experiments and obfervations con- 
tained inmy two former letters, as well as others which 
I fupprefied, obliged me to renounce it, and to con- 
fider fixed air as an original acid, which does not 
owe it’s acidity, much lefs it’s exiftence, to any of the 
acids, or other media, which are employed in ge- 
nerating it. I could not pacers entertain any doubt 


of 
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of the truth of this lat opinion, when I had procured, 
fixed air (as is related in my firft letter) exhibiting 
unequivocal marks of acidity, (that is, reddening: 
the infufion of litmus, or neutralifing alcalis) when. 
expelled from chalk, the pureft magnefia, and vola- 
tile alcaline falts, dy heat alone. It may not be amifs 
however, before I proceed further on this fubje€&, to 
take this opportunity of adding fome of my former 
Obfervations relating to it, which I before omitted 
to mention; particularly thofe refpecting the nature 
of the acid in the fixed air procured from chalk, by 
the vitriolic acid, and which Sig. Landriani calls 
vitriolic fixed air. hat this acid is not vitriolic acid, 
under any of it’s modifications known to us, appear- 
ed to me to be evident from the following confidera- 
tions. 

t. The acid in fixed air, thus obtained, diffolves a 
_mild calcareous earth +, and on evaporating the wa- 
ter by means of heat, or adding an alcali, a mild cal- 
careous earth is precipitated ; whereas the vitriolic 
acid will fcarce diffolve a fenfible portion of the fame 
earth, and the precipitate is a felenite. : 

The common or fixed, as well as the volatile or 

ulphureous, vitriolic acids, when neutralifed with ve- 
getable alcali, form neutral falts which continue neu- 
tral, though expofed to the air and to heat; the frit 
conftituting vitriclated tartar, and the fecond, the /al- 
fulpbureus of Stahl; which laft, on expofure to the 
air, lofes only the phlogi/ton to which it owed its vola- 
tility, and conftantly retains its neutral quality : 
whereas the neutral mephitic folution, or the combina- 
tion 1 of vegetable alcali with the acid.of (vitrialic) fixed _ 


~ 
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air (in the 14th Experiment) parts with that acid in 
the common temperature of the atmofphere ; and ori 
the total evaporation of the water, the fixed alcali is 
left, very little changed by the éxperiment. 

3. Solutions of vitriolic ammoniac will bear being 
evaporated over the fire to a pellicle; and, on cool-+ 
ing, perfectly neutral cryftals are formed ; but the am- 
moniacal folution formed by the union of fixed air 
{obtained as above) with volatile alcali, could not be 
‘wade to furnifh cryftals ; as the greateft part both of 
the acid and the alcali flies off, though expofed only 
to the common heat of the atmofphere. 

4. The prefence of the fmalleft portion of the vi- 
triolic acid, combined with alcaline falts or earths, is 
eafily detected by the precipitation of 4 tarpeth mine- 
ral, on the addition of a faturated folution of mercu= 
ry in the nitrous acid; whereas a ftrong xeutral 
mephitic folution, treatéd in the fame manner, fur 
nifhes only a white precipitate. 7 

I fhall now add fome other obfervations of a fimis 
far kind ; as it may be allédged, though no proofs 
have been offered for that purpofe, that the vitriolic 
acid may poflibly be volatilifed, and acquire fome new 
qualities, or may havé its ufual properties difguifed, 
in confequence of combining it with calcareous earths 
or alcaline falts, m the common procefs for obtain- 
ing fixed air. I fhall therefore proceed to confider 
the peculiar qualities afcribed by Sig. Landriani to 
the acid contained in the fixed air which has been 
procured from thefe fubftances by means of the ni+ 
trous acid. 

I thought it very probable, when I entered on this 
inveftigation (as I have already hinted in one of my 

Cec former 


386 Tur APPENDIX. 


former letters, that, confidering the very volatile na- 
ture .of the nitrous acid, fome part of it might be 
elevated, during its effervefcence with the chalk, ei- 
ther in the ftate of a fimple vapour, or in the more 
compound form of nitrous air, fo as to mix with and 
contaminate the fixed air obtained by its means. For 
fimilar reafons, refpecting the marine acid, I avoided, 
in the preceding analyfis, employing any fixed air, 
procured by means of either of thefe two acids. I 
made however the following experiments on the pre- 
fent occafion. 7 


| ey pekaeene XVIII. 


Having more than once prepared artificial Pyrmont 
water with fixed air, obtained by /pirit of mitre and 
chalk, I could never diftinguifh it, either by its tafte 
or fmell, or frength, from the artificial Pyrmont 
water procured by means of the juice of lemons, or 
even the weak vegetable acid in cream of tartar, com- 
bined with falt of tartar. On neutralifing the firft 
mentioned waters with falt of tartar, and fuffer- 
ing a part of the phlegm to evaporate, I fometimes 
found that paper, dipped into the liquor, then 
dried, and applied to a hot cinder, exhibited, as 
indeed I expected, fome very flight fymptoms of 
the prefence of the nitrous acid, by a faint deflagra- 
tion, On a further evaporation, the liquor, which 
was originally neutral, or even fubacid, had acquired 
a tafte manifeftly alcaline : a confiderable part of the 
acid which had before neutralifed it (that is, ac- 
cording to my theory, the mephitic acid) having 
flown off; while the nitrous or foreign vapours, 

4. which 
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which had accidentally been fufpended in the fixed air, 
and which had been condenfed by the water, combined 
with and fixed by the alcali, appeared to have pro- 
duced thefe faint appearances of deflagration, 


EXPERIMENT XIX. 


Though I failed of procuring cryftals from a neu- 
tral, but weak mephitic folution, when it was expofed 
to the atmofphere*; I fucceeded, on ufing the 
ftrongeft alcaline lixivium, and carrying on the pro- 
cefs in the medium of fixed air.—A large quantity of 
fixed air, procured by the nitrous acid, having been 
thrown up into a fmall quantity of the ftrongeft /ixi- 
vium tartari confined by quickfilver, {mall cryftals 
were almoft inftantly formed on the fides of the glafs ; 
and the liquor, after a repetition of the procefs, had 
condenfed 12 or 14 times its bulk of fixed air: but 
thefe cryftals were not found to be nitre ; nor did they, 
or the liquor, exhibit any ftronger marks of the pre. 
fence of the nitrous acid, than thofe mentioned in 
the preceding experiment, On the contrary, the cryf- 
tals, in particular, being carefully collected and thrown 
ona red-hot coal, did not detonate, but fome of the. 
particles bounced, or flew about; in confequence, 
doubtlefs, of the imprifoned fixed air being fuddenly 
_ let loofe by the great heat ; and they were finally con- 
verted into fixed alcali. Volatile alcaline fpirit, in the 
cauftic ftate, treated in the fame manner, prefented 
nearly the fame phenomena, mutatis mutandis. In 


* See Experiment XIV, 


* ie-3 fhort, 
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fhort, the fixed air, in both cafes, whenever it exhi- 
bited any appearances of the prefence of the nitrous 
acid, feemed only to have been adulterated. with the 
vapour or fumes of that acid, fufpended in it, and 
eondenfed along with it. 

The objeétion which, as I have above hinted, 

might be made with refpect to the vitrislic acid, does 
not feem to be in any degree applicable to the prefent 
eafe. Sig. Landriani cannot allege, confiftently 
with his own experiments, and his deductions from 
them, that the mitrous acid is fo very materially 
changed in the act of effervefcence with calcareous 
fabftances, as to have its nature fo far altered, fo that 
on being afterwards neutralifed with fixed or volatile 
alcalies, it fhould be almoft totally deprived of its 
detonating quality :—as the only proof which he offers 
of its prefence in the fixed air expelled by it—(the de- 
tonation of his nitrous ammoniac) is founded on its 
ftill retaining this very property. The reader, how- 
ever, has feen how very faintly it exhibited this crite- 
tion of its prefence, in the two \preccding experi- 
“ments. 

With refpeét to Sig. Landriani’s experiments 
here referred to, andin which he mixed his fup- 
pofed different fpecies of fixed air with alcaline air, in 
the dry way, or in phials fanding in mercury; 1 
fhall only obferve that I do not readily conceive how, 
by a proces of this kind, he procured a /ufficient 
guantity of nitrous ammoniac, fo as to afcertain its 
nature, by detonation ; or of witrielic ammoniac, fo 
as to analife it, and know it to be fuch. All that 
he fays relative to the laft-mentioned procefs, in the 

pages 
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pages now before me, I have given below*. I have 
more than once indeed /een thefe different airs con- 
denfed on the fides of a phial, but have been con- 
tented with amufing myfelf by viewing the various 
configurations of the cryftals with a fmall magnifier, 
as I defpaired of being able to collect them in a fuffi- 
cient quantity, to fubject them to a chemical analy- 
fis. Nor have I thought it neceflary to profecute this 
particular mode of enquiring into the true nature of 
the acid in fixed air, even fince I read thefe pages of 
Sig. Landriani, and thofe fheets of the prefent work, 
from which I find that Sig. Fontana, and other phi- 
lofophers, maintain a dodétrine contrary to that 
which has been advanced in thefe papers. On fome 
of my former experiments, and on one of them in 
particular, I think I may fafely reft the merits of my 
prefent hypothetis. 

Your readers will recolle& that, in my Vth Expe- 
riment, a pure and acid fixed air was expelled, merely 
by means of heat, from pure Magnefia, contained in 
a glafs veflel hermetically connected with a bent tube. 
As that Experiment, however, was left fomewhat im- 
perfect, by the accidental rupture of my apparatus, 
which I could not repair or renew ; I thought it of 
fufficient importance to require a careful repetition on 
the prefent occafion. I have accordingly more than 
once repeated it with the utmoft attention; and as 


* After obferving that long and flender cryftals were formed on the 
fides of the phial in which the alcaling and vitriolic fixed air were mixed, 
he only adds, ¢ Cid fatto raccolganfi quefti criftalli, e fe fottopongano 
all’ analifi, che fi troveranno effere un vero fale ammoniaco vitriolico, 
a cui tante maravigliofe virti attribuifce i} chimico Glauber,’ Ri- 
eerche Fifiche, &c. p, 48, 
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the fimple apparatus which I employed for this pur- 
pofe may eafily be procured, and the procefs be as 
eafily repeated by any one, I fhall minutely defcribe 
the apparatus, and relate all the material circum- 
{tances attending the experiment. 


EXPERIMENT XX. 


I took a very long, fmall, and thick green  glafs 

phial, fuch as’ Hungary-water is fometimes fold in, 
and, adapted to .it a. perforated. cork, through which 
pailed a bent ‘tube of afmall bore. I filled this phial 
with the pureft. Magnefia, prefling it down, that it 
might harbour-as little common air as poflible, in the 
interitices between its’ particles. Having fecured the 
cork with iff centent, I put the phial into a crucible, 
- where it was furrounded with fand to the height only 
of 2 or 3 inches, -and which was placed ina {mall 
chafing-difh containing lighted charcoal. In confe- 
quence of the tallnefs of the phial, the apparatus re- 
mained.air-tight, to the end of the proceis; as the 
cork and the cement were not. affected by the heat, 
even when the lower part of the phial was red-hot. 
_ Suffering the air,to-efeape while the fand, crucible, 
&c. were heating, -I. did not begin to collect any till 
I judged that the-Magnetia was pretty-hot. I conti- 
nued the, procefs. till, it ceafed to emit ‘air. For vat 
rious purpofes 1 collected the produce in different 
phials containing water or other liquors. ‘The re- 
fults were as follow : na 

y. Though that part of the Magnefia, which was 
fubjecied to a moderate red heat; ‘did'not, as T after- 
wards calculated, originally weigh above 1 drachm 

and 
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and a half; I eftimated that it furnifhed above 30 
ounces of fixed air. 

2. All the fixed air contained in the Mebrietis 
which occupied the loweft part of the phial, was 
faund to have been expelled from it: at leaft, on put- 
ting fome of it afterwards into water, and adding fpirit 
of vitriol to it, it was diffolved in the acid liquor with- 
out the Jeaft appearance of effervefcence. 

3. The whole of this fixed air (except the firft 3 
or 4 ounces which were neceflarily mixed with fome 
common air) poffeffed all the qualities of the pureft fixed 
air procured by means of the ftrongeft acid fpirits. No 
difference could be perceived in its properties ; except 
that, probably for the reafon juft mentioned, it feemed 
to come over more and more pure as the procefs went 
on; and the very laft ounce expelled from it (and which 
appears, from (2) to have been the very laft ounce that 
it contained) was as acid, and was as readily and fully 
abforbed by water, as any of thofe that preceded it.— 
To be more particular : 

4. During different periods of the ‘procefs, certain 
portions of this fixed air neutralifed as great a quan- 
tity of falt of tartar, as could be neutralifed by equal 
quantities of the pureft fixed air obtained by means of 
the ftrongeft acid fpirits. 

5. Towards the latter end of the procefs, two eight- 
ounce phials filled with rain-water were fucceffively 
agitated with frefh portions of this fixed air, till they 
were nearly faturated. Filling up the fpaces occu-’ 
pied by the refidua with water, and throwing up more 
fixed air, I placed them, inverted, in a bafon of mer- 
cury. After ftanding a night, during which they 
each abforbed an additional ounce or two of fixed air, 

Cees their 
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their contents were poured out.—I do not remember 
having ever tafted any artificial Pyrmont-water, made 
with the yitriolic acid, more briik and acidulous than 
this, produced by plain Magnefia, without the inter= 
vention of any acid. : 

As I cannot avoid laying particular ftrefs en the 
refults of this fimple calcination of Magnefia; I think 
it worth while te trace, from it’s erigin, the fixed air 
contained in this fubftance ; by explaining the ratio- 
nale of the procefs by which Magnefia is procured, 
according to the principles aflumed in thefe papers. 

The Ep/fom Salt, from which Magnefia is ufually 
procured, is a neutral compound, formed of the 
earth of Magnefia combined with the wetriolic acid. 
From this fubftance the Magnefia is precipitated, by 
adding to it a folution of falt of tartar; that is, (ac- 
cording to the preceding theory) of an alcaline falt 
combined with the mephitic acid. On mixing together 
the folutions of thefe two compounds, the two dif- 
ferent acids change bafes. “The vitriolic acid deferts 
the magnefia, to unite with the alcali, with which it 
forms a vitriolated tartar ; at the fame time expelling. 
’ from the alcali the weaker mephitic acid, which in- 
ftantly occupies its place, by uniting with the mag- 
nefia, now deferted by the vitriolic acid. —So that, in 
fact, all the fixed air, or mephitic aczd, which, in the 
preceding experiment, was expelled from the magne-_ 
fia by fire, had originally refided in the /alt of tartar 
employed in the preparation of the magnefia: but as 
fixed air cannot be expelled from this falt by eat, it 
was therefore, in this Experiment, transferred from 
jt to another body (the earth ef magnefia) from 
which it could be thus expelled with eafe. The Ex~- 

| peri- 
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periment, in fact, is as fatisfactory as if the fixed air 
had been immediately and directly expelled from the 
alcaline falt itfelf by fire. 

It may be proper to obferve that, in the prepara- 
tion of pure magnefia, the vitriolated tartar above- 
mentioned is carefully wafhed away by repeated ab- 
Jutions with hot water. But granting, for argu- 
ment’s fake, that the magnefia were not perfectly 
free from this vitriolic falt, or that fome portion of 
vitriolic acid, fuppofed ftill to adhere to it, were capa- 
ble of being volatilifed by the fire, and of being fuf- 
pended in the fixed air ;—neither of which fuppofi- 
tions are, however, admiffible ;—it is impoffible from 
hence to account for the large quantity of acid pro- 
cured from the magnefia in the preceding experiment, 
when the reader recollects that 30 ounces of acid 
mephitic vapour were expelled from it, and calculates, 
from the rough eftimate given in my 11th Experi- 
ment, the quantity of falt of tartar that it would 
neutralife. It would indeed be abfurd to fuppofe that 
this large quantity of acid could be furnifhed either 
by any vitriolated tartar, or by any fuperfluous and 
difengaged vitriolic acid, ftill adhering to the mag- 
nefia. “The fum of the matter is, that acid air 
refides in mild alcalis, from which it cannot be di- 
reétly expelled, but by other and ftronger acids ; to 
which acids, however, it does not owe its acidity, as 
Signiors Landriani and Fontana affirm, though it 
may accidentally be adulterated with them. 

This experiment appeared to me fo decifive of the 
queftion in difpute (to fay nothing of fome others 
contained in my former letters, particularly thofe in 
which acid fixed air is expelled, Ly heat, from volatile 

alcalis) 
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alcalis) that I could not think it neceflary to repeat 
many fimilar procefles with chalk, or other calcareous — 
earths. It happens fortunately ‘that all the fixed air 
in magnefia.can be expelled from it by fire, even in 
clofe veflels (at leaft not having a free communication 
with the atmofphere) and with a moderate degree of 
heat ; whereas I have frequently found, as you have 
ikewile obferved, p. 11g, that chalk will not generally, 
(for there is a great difference, in different {pecimens 
of this fubftance) part with much of its fixed air, 
under fimilar, or even more. favourable circum- 
ftances. ree further, the greateft part of the fixed 
air thus expelled from it, is frequently combined with: 
phlogiftic or other matters, which difguife it, and 
render only a {mall part of it foluble in water. 

I find neverthelefs, from your prefent work, that 
the foreign philolophers lay much. itrefs on the cir- 
cumftance, ‘ that the air expelled from chalk, in clofe 
veffels, will not render water acidulous.’ I have al- 
ways however found, that a fufficient quantity might 
be expelled from it to redden the infufion of litmus, 
and fometimes to give a fenfibly acidulous impregna- 
tion to a fmall quantity of water. The fact is, that 
calcareous earths cannot be calcined, as magnefia may, 
in clofe vefiels. Since I perufed your fheets, and the 
above-mentioned pages of Sig. TPaitdranes treatife, 
{ made the following Experiment relative to this ob- 
ject, 


EXPERIMENT XXI, 
After having expelled a few ounces of air from 2 


or 3 drachms of chalk, expofed to a moderate red 
: heat, 
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heat; in a glafs ve//el, as in the preceding Experiment ; 
and having kept the phial in this fand-heat till it 
would furnifh no more, I found that a part only of 
this air poffeffed the properties peculiar to fixed air. 
But I foon difcovered the caufe of thefe appearances. 
On examining the chalk after it was cold, I not only 
perceived, as you too have obferved, that it ftill effer-_ 
vefced moft violently with acids, but, which is a 
much more decifive circumftance, I found that nearly 
the whole of its fixed air ftill remained in it; for on 
throwing the chalk-into two ounces of water, I ob- 
ferved that it had not acquired the property of com- 
municating, even to this fmall portion of water, the 
tafte of lime-water ; nor, after ftanding a day or two, 
was any neuceptilile cruft formed upon its furface. 
And yet, from Dr. Black’s well-known experiments, 
it is clear, that if even a fingle grain of this chalk 
had been calcined, or deprived of a// its fixed air, it 
muft have converted the 2 ounces of water into a 
pretty ftrong lime-water. In fhort, it evidently ap- 
peared, that the mephitic acid PE & when expelled, 
fhould render the water acidulous, “tll remained in 
the chalk at the end of the experiment ; and that the 
greater part of the air that did come over, was either 
not fixed air, or was fixed air enveloped in phlogiftic 
matters, or otherwife fo altered, as not to exhibit its 
ufual properties ; whereas acids expel fixed air from 
calcareous fubftances wholly, and in a ftate of pu- 
rity, equal to that in which it is expelled, by fire, 
from magnefia; though even in this laft cafe, it 
fuffers a remarkable change, when the magnefia is 
calcined in a gun-barrel, 


Before 
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Before I conclude this enquiry, I thal! take notice 
of a curious and difficult problem in chemiftry, re~ 
lative to fixed air, and which no one, I believe, has 
yet attempted torefolve. In the decompofition both of 
common and cubic nitre, by deflagration with charcoal 
in a red-hot crucible, it is very remarkable that the 
alcaline bafis of the nitre is in both cafes left, not in 
2 caufire ftate, as might be expected, but replete with 
fixed air, or in a mild ftate. It feems, at firft fight, 
pretty evident that the alcaline falt acquires this large 
quantity of fixed air at the inftant of the deflagra- 
tion ¢ ; and as there are only two fubftances prefent 
from which it can acquire it, the nitrous acid and the 
charcoal, it may be conjectured — (and indeed fome 
of your experiments contained in this volume feem to 
favour the idea) — that fome part of the nitrous acid, 
which, as to fenfe, aapears to be totally diffipated in 
the procefs, may aflume the modification of fixed air, 
and be inftantly condenfed and combined with the al- 
cali under that form. 

This folution, admitting it to be juft, overturns 
the hypothetis of Sig. Landriani, and the foreign philo- 
fophers above mentioned : for, fuppofing fixed air to 
be afterwards procured from this alcali, by means of 
oil of vitriol, marine acid, the acid of lemons, or, 
in fhort, any other acid than the nitrous; their theory 
would oblige them to afcribe it’s acidity to the parti- 
cular adventitious acid employed in the expulfion of 

J Untlefs it fhould be fuppofed that it attraéts it afterwards from the 
atmofphere, during the fubfequent part of the procefs ; when it is ge. 
merally kept ina red heat for half an hour after the deflagration is 
ever: ——a aircumftance which F have not enquired into, but whieh 


might be afcertained by examining it immediately after the deflagra- 
tion, 


it: 
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it: whereas, according to this folution, the acid in 
the fixed air muft, in all thefe cafes, be the nitrous. 
I muft not however omit to obferve that it appears, 
from one of the fheets of the prefent volume now 
before me, (page 214.) that charcoal centains a-con- 
fiderable quantity of fixed air; from which poffibly 
the alcali, deferted by the nitrous acid during the de- 
flagration, may obtain that principle.-—The queftion 
certainly deferves to be further inquired into; asa 
juft folution of it promifes to throw confiderable light 
on the intimate nature, or gene/is of fixed air. 

On the whole, I think it will appear evident from 
the preceding Experiments, and particularly the 
XXth, that the acid contained in fixed air, procured 
in the ufual method, by means of oil of virriol, and 
other acids, is not, as Sig. Landriani and others af- 
fert, merely the attenuated and diflolved vapour of 
the foreign acid employed in the procefs ; but that it 
is a diftinct principle, expelled, in an acid ftate, from 
the body to which thefe {tronger acids had been ap- 
plied. "he mephitic acid has, in all my Experiments, 
appeared (impurities excepted) to be an invariable, 
homogeneous fubftance, which does not exhibit any 
of thofe varieties which might certainly be expected 
in it, if it owed its exiftence to acids differing fo 
very confiderably from each other in their properties, 
as thofe ufually employed in the procuring it. It is 
not my prefent defign to deduce the generation of the 
mephitic acid, ab ove ufque—. Itis fufficient to ob- 
ferve that it appears from its qualities to be as di- 
ftin& from the vitriolic, nitrous, and other known 
acids, as they are from each other. They may all, 
as Becher and Stahl long ago fuppofed, be only mo- 

E difica- 
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difications of one and the fame primitive and univer- 

fal acid. But this leads to an enquiry utterly foreign 

the object I propofed to myfelf in profecuting thefe 

experiments. | 
Great Maffingham, haat 

Nov. 27,1775. W. BewLy, 


-P.S.I willingly lay hold of this opportunity of fol- 
lowing your example, in rectifying a miftake of Sig. 
Landiiani’s refpecting myfelf, which occurs at page 
23 of his treatife above referred to; into which he 
has probably been led, either through his imperfect 
knowledge of our language, or the miftake of a tranf- 
lator, He there reprefents me as maintaining ‘ that 
nitrous air is nothing more than common air, contain- 
ing the nitrous acid diflolved in it, combined with 
phlogifton,’—On the contrary, I concluded, from my 
experiments related in your former volume, page 317, 
that nitrous air confifted of the nitrous acid combined 
with phlogifton ; and fo far from confidering common 
air as a component principle, or the bafis, of nitrous air, 
I fhewed that an addition of common air was necef- 
fary, in order to decompound and condenfe it. _ 

I feize likewife this opportunity of recommending 
to the confideration and trial of the faculty, the new 
neutral falt indicated in my VIIIth Experiment ; both 
as it is a new and untried faline compound, and as. 
muchbenefit may be expected from it, even a priori, 
from the known properties and activity of fixed air, 
largely introduced into the fyftem; particularly as a 
febrifuge and antifeptic, in fevers, and other difor- 

ders, 
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ders, of a putrid tendency.—As to the preparation of 
it—though I had before found that in proportion as 
the alcaline falt approaches to the ftate of neutralifa- 
tion, it attracts the mephitic acid more weakly; yet 
fince I wrote the preceding letter, I have prepared 
near 3 pints of aneutral folution of this kind, in Dr. 
Nooth’s apparatus, as improved by Mr. Parker, 
which contained 10 grains of falt of tartar in each 
ounce of water. Notwithftanding the unavoidable 
diffipation of the fixed air in the upper veffel, the al- 
-caline folution was rendered perfectly neutral in a- 
bout 24 hours, in confequence of frequent agitation, 
and the fucceffive addition of frefh portions of fixed 
air; and, after fuffering it to ftand two or three days 
longer, it became pleafant to the tafte, ftrongly aci- 
dulous, and even pungent. My acquaintance with 
this neutral julep is of too late a date to enable me 
to add any thing material to what I have before faid 
of it. The prefent, indeed, is not a fit feafon to quaff 
large potations of cold water, by way of experiment. 


Nov. 29, 1775+ - 
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AGE 27, line 12 read, was confiderably injured by 

P it; leaving out the Remainder of the Paragraph, in 
which there is fome Errror, that ] cannot rectify with- 
out repeating the Experiment. 


P. 41, 1. 8, for redrefs r. reduefs. 
P. 49, 1. 4, for common r. fixed. 
P, 88, 1. 21, for air, r. airs 


Pi 31g, 1. 21, for injured air t. injured. 
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WN. B. Il. fignifies the Second Volume,. and where only 
the Page is mentioned, the Firft Volume is always to be 
underitood. | | , 


As 
ACE TOUS fermentation, its effet upon common air 


Ae 
Acid, added to water, does not increafe its power, of re- 
{toring noxious air by agitation, 983 firft exhibited in 
the form of alr, 146.5 
Agitation, of air in water, 39. 
4ir, a general view of difcoveries relating to it, 1; how 
transferred from one vellel to another, 15; how gene- 
rated, 74.; how admitted to fubftances that will not bear 
wetting, 19 ; ; the purity of it, how afcértdined, 20 ;- 
produced by the putrefaction of mice, 84; nitrous, 
, 408; how far injured by the flame of a candle, 117 ;- 
marine acid, 1435 alkaline, 163; . from gunpowder, 
- 257; iffuing from the bottom of a pool of water, 321; 
vitriolic acid, IL..1; vegetable acid, Il. 23; dephlo- 
gifticated, II. 29; nitrous acid, If. 168 ; in fifhes 
bladders, II. 230; from marine acid air and liver of 
fulphur, 236, II..233; the quantity of it depending” 
upon the quicknels or flowne(s of heat in the fubftance 
that yields ity 4L. 2555 different kinds of, names given 
jto them, 243 conjectures concerning their conitituent 
parts, 26; fpecific gravity, TL, 94 ;.:fee Common air, 
Alkaline air, Fixed air, &c. &e. 
Dd Alexander, 
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Alexander, Dr. his conclufion concerning the innocence 
” of ftagnant water refuted, 196. ~~ ee 
Alkali cauftic fixed, yields no air, If. 232. 
Alkaline air, difcovered, 163 3 mixed with marine acid 
" air, 17Q; inflammable, 175; makes nitrous ammoniac 
with nitrous air in common air, 205, 208; diffolves 
ice, 176; mixed with vitriolic acid.air, JI. 8; with 
vegetable acid air, II. 245 with fluor acid air, Il. 1983 
has no effect upon copper, If. 2325 the electric fpark 
taken init, II. 239. er . 
Alum, in marine acid air, 153; in alkaline air, 1743 air 
“ from it, I. 1153 in fluor acid Oe, Ti 200. 5. 
Amber, air from it by fpirit of nitre, II. 136. 
“Animals, live in air in which candles have burned out, 473 
die in inflammable air, 62 5 the manner of their death 
in noxious air, 71; young ones live longer than old ones 
incommon air, 72; different from vegetables in fome cir- 
cumftances of putrefaction, 83 ; how affected in fixed air, 
36; caufe of their death if, noxious alr, 194. 
Animal febfiances, air from them by fpirit of nitre, I, 
1453 how affeéted by the procefs of coaling, II. 244. 
Apparatus, for experiments On air defcribed, 6, Hl. xxxul. 
Arfenic, white, ait from it by fpirit of nitre, HH. 70. 
Ajbes, aix from them by {pirit of nitre, H. 75. 
Atmofpbere, conjectures concerning the Origin of it, 2635 
~ whether the purity of it be fubje& to variation, If. 102. 


B. 


Bath water, air contained in it, IL. 222. 


Beefy, air from it with f{pirit of nitre, II. 247. 
Bees-wax, in, marine acid air, 1515 air from it by fpirit 
of nitre, Ihe aa4. ye 

Bewly, Mr. his obfervations. relating to nitrous air, 217 ; 
” his experiments to inveftigate the acidity: of ‘fixed air, 
JT. 3375 382: fi ; 3 

Black, Dr. his difcoveries, 3. ila 
Bladder, nitrous air contained in. it, precipitating lime in 
 lime-water, EQIs 214. arene 
Blood, air from it by {pirit of nitre, Ul. 195. 

Borax, in marine acid air, 2385 in vaskote acid air, II. 
“ga airfromit, Ih 196. 0 


Boulanger, 
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Boulanger, Mr. his opinion concerning the fluor acid air, 
II. 201. 

Boyle, his difcoveries, 2. 

Brain, air from it by fpirit of nitre, TI. 157. 

Bra/fs-duff, made into a pafte with fulphur, how it affects 
common air, 1573 air from it by heat, II. £09. 

Brimftone, how it affeéts the air in which itis burned, 43 5 
the fumes of it do not reftore noxious maid 753 in ma- 
rine acid air, 162. 

Brawnrigg, Dr. his difcoveries, 4. 


c. 


Calces, of metals, contain fixed air, 192. 

Calcination, of metals in nitrous air, 125. 

Camphor, in marine acid air, 2353 in vitriolic acid air, 
Il. 13 5 air from it by fpirit of nitre, II. 135. 

Candle, lighted, how it is put into different kinds of air, 
17; Of air in which it has burned, 43; reftored by ve- 
getation, 49; how it burns in nitrous air affected by 
iron, 217; furrounded with a blue flame when extin- 
guifhed in nitrous air, 222; how it burns in dephlo- 
gifticated air, II. 38, 101. 

Cavendif, the honourable Mr. his difcoveries, 5 ; his ex- 
periment on the folution of copper in marine “acid air, 
143. 

Cement, diminifhes common air, 179. 

Chalk, yields inflammable air in a gun barrel, 38 ; air 
from it by fpirit of nitre, II. 703; air from it without 
acid, II]. 110, 118. ‘ 

Champagne wine, the reafon why fome of it —— and 
fome does not, II. 227. 

Charcoal, the effe& of burningit in common air, 129; 
not fenfibly diminifhed in weight by burning in confined 
air, 1323 retains phlogifton very obftinately, 1375 in 
marine acid air, 1513 in alkaline air, 1733 in vitrio- 
lic acid air, 11. 13; heated in oil of vitrio] yields vi- 
triolic acid air, II. 14; in vegetable acid air, II. 25 ; 
air from it by fpirit of nitre, II. 137 obfervations on 
its a Tels 0 power, lI, 2413 its expanfion by heat, 
Il. 25 

Clay, air from it by fpirit of nitre, II. 75. 

Cold, does 1 not reftore air ‘injured by refpiration, &c. 48. 

Ddz Con- 
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Conduéting power, in what it confifts, 285. 


Common air, its diminution by phlogifton limited, 43 5 
not injured by heat, 49; how affeéted by animal re- 
fpiration and putrefaction, yo; in what manner fub- 

- fervient to refpiration, 71; the phenomena of its di- 
minution by putrefaction, 78; injured by iron filings 

_and brimftone, 105; diminifhed by nitrous air, 1105 

the theory of that diminution, 209; injured by burn- 
ing charcoal, 129; not abforbed according to the ideas 
of Dr. Hales, 132; injured by calcination of metals, 
1333 by paint, 138; how affected ‘by the acetous fer- 
mentation, 154; impregnated with various efluvia, 157 5 
how affected by brafs-duit and fulphur, 26.; by agitation 
in water, 158; notinjured by ftagnation, 100; mixed 
with alkaline air, 1723 diminifhed by various phlo- 
“giftic proceffes, 1773 diminifhed by the electric fpark, 
1813 by liver of fulphur,. 179; by Homberg’s py- 
rophorus, 26.; by cement, 7d.; the whole of its dimi- 
nution not owing to the precipitation of fixed air 
from it, 187; diminifhed by iron that had been ex- 
“pofed to nitrous air, 2223 injured by vitiiolic acid air, 
ILo103. by vegetable acid air, I]. 275 > the real con- 
flitution of it, UI. 555; injured by fumes from fpirit of 
nitre, H..162 3 various obfervations concerning it: 
1803 injured: by iron, I]. 181; by pamt made with 
red lead, Il. 182; by converting the calx of lead into 
red lead, II. 183.5. by nitrows‘ether, HM. 234. 

Cork, air from it by {pirit. of nitre, H. 140. 

Copper, diffolved when nitrous air is mixed with common 
air, containing volatile alkali, 213. 


D 


Damp, choak damp and fire damp, 2. 

Dephlogificated air, difcovered, 1.29; from mercurius 
calcrnatus, If.34 3 its.purity, 11.475 from foirit of 
nitre and red Jead, IL.'5.3. 63; from flowers of zinc, 
Il. 69; from'chalk, 1l.-70; from woed afhes,. Ll. 95° 
from clay, I. 76; from flints, Hl. 823 from Mufcovy 
taick, I]. 84; various properties of it, JL. o1 5 its fpe- 
cific gravity, 26. qualifies noxious air, Il. g35 the ex- 
plofien of inflammable air in it, Il 99; applicable to 

2 . 7 chemical 
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chemical purpofes, H. 100; how a candle burns in it, 
Il. role, 
Detonation, the theory of it, II. Go, 
Debfon, Dr. his letter, containing cafes of putrid difeafes 
caufed by fixed air, Il. 369. 


EK. 


a ~< 


Eegs, ait from them by fpirit of nitre, TI. 154. 
Electric-matter, proved to be, or to contain phlogifton, 

1863 {peculations concerning it, 274. 

: Sparks how. taken in any kind of air, 213 the 
colour of it in inflammable air, 61; diminifhes com- 
mon air, 1813 converts oil intoinflammable alr, 242; 
not vifible in cauttic alkali, or fpirit of falt, 246 3 
makes fixed air immifcible in water, 248; taken in {e- 
veral kinds of air, II. 238. 

Effntial oil, in marine acid air, 2336 

Ether vitriolic, how it afects fixed air, 353 mixed with 
alkaline air, 173; with marine acid air, 2335  con- 
verted into inflammable air by the elettric ipark, 244; 
doubles the quantity of any kind of air, 2505 in vi- 
triolic acid air, If. 123 in fluor acid air, IL. 199; air 
from it by fpirit of nitre, If. 132. 

Evher nitrous, how it affetts common air, II. 234. 


F, 


Falconer, Dr. various obfervations of his relating to the 
author’s experiments, 314. 

Fat, air from it by fpirit of nitre, If. 156. 

Pifbes, air from the fleth of them by {pirit of pitre,, It. 
149; the quality of the air contained in their bladders, 
Il. 230; die in water impregnated with fixed or nitrous 
air, 1h. 231. 

Fixed air, experiments upon ity 25, 248, II..213;. on 
the furface of fermented liquors, 25 ; does not inftants 
ly mix with common air, 273; unites with the fmoke 
of rofin, &c. 27; changes the juice of turnfole red, 3 ; 
of the nature of an acid, 74, II. 337, 382; expelled from 
water by heat, 76. ; not contained in ice, 33; how it af- 
fects infects, 36; eafily imparted to water, &c. by agi- 
tation, 39; the refiduum of it equally diffufed throughits 

Dd 3 mats, 
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mafs, 40; made immifcible in water by iron filings and 
brimftone, 41, 249; does not mix with inflammable 
air, 62; precipitated from common air by phlogiitic 
proceffes, 44, 793 its refemblance to the putrid efflu- 
vium, 80; whether it reftores noxious air, 995 not 
noxious per /e, 102; the ufe of it recommended in pu- 
trid diforders, 103; whether it be precipitated from 
common air by nitrous air, 1143; its fmall antifepti 

power, 124 5 procured from volatile alkaline falts, 165 ; 
mixed with alkaline air, 171 ; produced by nitrous air 
confined in a bladder, 191, 2143 does not diffolve 
iron, 215, 2503; made immifcible in water by the 
eleftric fpark, 248; adminiftered in the form of a 
clyfter, 292, 306; Dr. Percival’s obfervations on the 
medicinal ufes of it, 300; attempts to extract it from 
the common air, Il. 184; when procured by heat has 
the fame properties as when procured by acids, II. 2133 
from wood and charcoal, IJ. 214; contained in de- 
phlogifticated air, II. 217 in reftored common air, 
‘JI. 218; when expelled from water, not wholly imbibed 
by it again, II. 219; contained in the Bath water, I. 
222; in different kinds of wine, Il. 22753 water im- 
pregnated with it fatal to fifhes, Il. 2315 the method of 
impregnating water with it, IT. 263. : 

Flame, an enlarged one produced by nitrous air expofed 
0 iron, 2173 the colour of it when inflammable air ts 
burned with fixed air, I]. 110. | 

Flefb; in marine ath air, 232. 

Flints, in marine acid air, 232; air from them by fpirit 
of nitre, IT, 82. 

Fluor acid air, WW. 1873 mixed with alkaline air, II. 197; 
with vitriolic acid air, I. 204. 

Fluor cruff, in marine acid air, If. 202 ; in the vitriolic 
acid, Il. 305. : 

Fontana, Sig. Felice, his theory of the different kinds of 

Mair; IF.°978. 45 EO 
Franklin, Dr. his obfervations on the reftoration of pu- 
trid air by vegetation, 94; his ideas concerning fire, 
1413 his obfervations on air iffuing from the bottom 
| of ftagnant waters, 321- 


Gas, 
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Gas, of Van Helmont, dn 

Gravity fpecific, of feveral kinds of air, TI. gc 
Gums, air from them by fpirit of nitre, Il. 1356 
Gunpowder, fired in all kinds of air, 256. 
Gypfum, air from it by {pirit of rank If. 80. 


H. 


Hair, air from i it by fpirit of nitre, If. fea. 

Hales; Dr. his difcoveries, 4; his miftake concerning air 
in which brimftone has burned, 45 and concerning the 
abforption of air, i132. 

Harrowgate-water, the fmell of it, 161. 

Heat, does not injure common air, 49; does not meli- 
orate it, 75; its connection with phlogifton, 281 ; 3 air 
expelled from various fubftances by means of it, I. 
104; the degree of it changes the conducting power of 
charcoal, II. 245. 

Henry, Mr. his obfervations oti the folution of lead in 
water impregnated with nitrous air, 324. 

Hey, Mr, bis experiments to prove that there is no oil of 
vitriol in water impregnated with | fixed | air, 31, 288 ; 
applies fixed air in the way of clyfer,. 103, 292...) 

Hunter, Mr. Fobn, bis obfervation on. fithes dying in was 
ter impregnated with fixed air, I, 231. eink 


> I. 


kee, does riot retain fixed air, 33 ;-diffolved in the ma- 
rine acid air, 2493. in alkaline air, 1763; in vitriolic 

acid air, II.°8, 

Ignition, of paper dipped in a folution of copper in fpirit 
of nitre, 2 54. 

Anflammable air, experiments pon it, 65, 2423 its fmell; 

_ 56; a depofit made from it, 17; ftronger and weaker 
in different circumftances, 58 ;. lofes its inflammability 
by long ftanding in water, 59 ; how plants grow in it, 
61; the colour of the ele¢tric {park in it, 2.5 fatal to. 
animals, 62; does not mix with fixed air, 74.; “dois not 


eafily part with i its phlogifton to other fabftances, 653% 
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mixed with the fumes of fpirit of nitre, 2d.; made whole- 
fome, and deprived of its inflammability by agitation 
in water, 67, 2463; mixed with nitrous air burns with 
a green flame, 117; mixed with alkaline air, 1713 
made from oil by the eleétric fpark, 242; not fired by 
gunpowder exploding in it, 256 its explofion i in de- 
phlogifticated air, Il. 99; from metals by means of 
heat only, II. 107. 

Infeds, live in air tainted with putrefadion, Sins die in 
nitrous air, 226; in inflammable alr, 247; air from. 
them by f{pirit of 1 nitre, IL. 151. 

fron, the filings of it made into a pafle with bfimitone 
diminifhes common air, 105 ; ; the phenomena attend- 

‘ ing its fermentation, 108; its barca ‘on fixed ‘air, 
118, 2503 its effect on nitrous air,'215 3 diffolved by 
alialine air in a mixture of nitrous: es common air, 
2133 in vitriolic acid ait, IT. 12; inflammable alr 
from it by heat only, - (2, 107. ; 

Jvory, in marine acid air, 2315 ‘air font it by fpiait of 
nites EY eae? 

1. 

Landriani, ag his mifreprefentation of the ba chil s fen- 
timents, II. 321; his opinion Soncerning $3 confti- 
tution of fixed air, Il. 317. . 

Lane, Mr. his difcovery; FO. 

Lavoifier, Mr. -gets air from fpirit, of nitre cat fpirit of 
wine, H. 12153 his mifreprefentation of the author’s 
fentiments, If. 306; his opinion concerning air im- 
bibed by the calces of metals, IL. 320. ast 

Lead, nitrous air from it, 126, If. 173 ;\ diffolved in the i, 
marine acid, 145 5 diffolved i In water iappicenatey with 
nitrous air, 324. 

Lead ore, air or it by fpirit 6f nitré, TI, 67. 

~—~— the grey calx of it, air from it, II. 50. 

~-— ved, or minium, yields dephlogitticated airy ae 373 
employed i in the difcovery of the nature of dephlogiiti- 
Shige air, If. 51 5 air injured by paint made with i at, 
BAIS2a. 

mee white, air from it by fpirit of nitres I. 66; with- : 

‘out fpirit of nitre, TL. 113: . 

Beonty ty, whethera pain mn bodies, 267, 293,10. ePT, 

Light, 
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Light, from animals, perhaps from internal caufes, 279. 

Lightbowne, Mr. cured of a putrid fever by fixed air, 
292. 

Lime, in marine acid air, 2383 air from it by PBindt of 
-nitre, II. 72. 

—— avater, becomes turbid by burning charcoal over it 
in common air, 130; and not by the calcination of 
metals, 137 5 becomes turbid by taking the eledtri¢ 
fpark over it, 1865 - 

—— kilns, args ufefal in the neighbourhood of large 
cities, 102. 

Liquids, how air is expelled from hens: 14; how im- 
pregnated with air, 16; the electric fpark how taken in 
them, 22. 

Liver of julphur, diminifhes common air, 179; changes 
nitrous air, 218; in marine acid air, 235, HW. 2335 
in fixed air, 249 5 in vegetable acid air, ij. 25. 

: pa Ce fixed air from it, II. 5s “dephlogifticated air 
from it, II. 67. 

Kinds; their principal ufe, 78. 


M. 


Macbride, Dr. his difcoveries, 3. 
Magellan, Mr. his experiments relating to dephlogifi- 
cated air, If. 379. - 
Magnefia, air from it by fpirit of nitre, U1.°74. 
Malt, air from it by {pirit of nitre, 1. 143. 
Marble, air from it by {pirit of nitre, II. 73. 
Marine acid air, experiments upon it, 143, 229 5 extin- 
' guithes flame with a blue colour, 1473; unites with 
~ phiogifton, 149; mixed with alkaline air, 170; pro- 
cured from falt by oil of vitriol, 229; diffolves ve- 
getable and animal fubftances, 231; does not reftore 
noxious air, 239; diffolves ice, 240; its {pegific pra- 
vity, 2415 does not promote the firing of inflammable 
air, 26.3 the fluor cruftin it, II. 202; the eleétric {park 
init, Il. 239. 
Mafficot, yields dephlogifticated air, IL, 50. 
Mercurius i per fe, yields dephiggitticated air, TL. 
34: 


Nef zis, 
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Metals, which of them yields nitrous airy i126; in what 
uantity, 128; calcined in common air, 133 3 diffolved 
in heated oil of vitriol, yield vitriolic acid air, II. 17. 
Mice, the manner of keeping them and making experi- 
ments with them, g;_ live without water; 19; putrify- 
ing in water, 843 living in depblogifticated air, Il. 44. 
Milk, air from it by fpiritof nitre, I. 156. 
Mifcellaneous experiments, 1545 252, Il. 229. t 
Montigny, Mr. his affifting the author to procure vitriolic 
acid air, II. 3. berg 
ufeular motion, a conjecture concerning the caufe of at, 
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Nitre, in marine acid air, 1535 ain from it, 155, IT. 87 3 
the cryftalization of it does not affe common air, 161 5 
injures common air in cooling after 1t has been red hots 
Il. 1655 in fluor acid air, U. 101; in marine acid air; 
236. ? 

—— Spirit of, air from vegetable fubfances. by means of 
it, Il. 121; air from animal fubftances by means of it, 
If. 145; mifcellaneous experiments relating to it, If: 
160; injures common air, Il. 162; air from it, H: 
163; with red lead yields dephlogifticated air, I. 53. 

Nitrous air, the difcovery of it, 108; farther experiments 
upon it, 2033 diminifhes common air and makes it 
noxious, 110;. the teft of the purity of ait, bI4S 
mixed with inflammable air, 117; diminifhed by iron 
filings and brimftone, 1145 plants die in it, 1193 its 
{pecific gravity, 2b. I. 943 impregnating water, 120 ;_ 
its antifceptic power, 123 5 metals calcined in it, 125 3 
diminifhed by long ftanding in water, 1275 keptina 
bladder, 128; in what proportion yielded by different 
metals, i5.; mixed with alkaline air, 171 5 made fit for 
tefpiration, and diminifhed by freth nitrous air, 1893 
yielded by the precipitate of the folution of copper in 
{pirit of nitre, 203 5 mixed with common air, contain- 
ing volatile alkali, forms a nitrous aimmoniac, 205, 
#08; changed by iron, 215, II. 175; and by liver of 
falphur, 218; diminifhed by iron filings and brim- 
ftone, 223; the proportion of it from filver, copper, 
and iron, diffolved in equal quantities of fpirit of ni- 
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tre, 225; kills infects, 226; its conitituent parts, 271; 
Mr. Bewly’s obfervations concerning it, 317; phlo- 
gifticated with the nitrous acid vapour, JI. 170, 

Nitrous ammoniac, formed by nitrous air, mixed with com- 
mon air, containing volatile alkali, 205, 208, 210. 

Nooth, Dr. his experiments on the Bath water, II. 225 3 
his miftake concerning the hiltory of the impregnation 
of water with fixed air, II. 265; his objections to the 
saat method of impregnating water with fixed air, 
Il, 293. 7 


O. 


Oak, air from it by fpirit of nitre, II. 141. 

O:/ vegetaése, a remarkable kind of charcoal made by it, 
Il. 259. . ; 

-——— of olives, in marine acid air, 150; ufed to procure 
vitriolic acid air, JJ. 45 im vegetable acid air, II. 28. 

of turpentine, 19 Marine acid dir, 150, 233. 


P, fs 
Paint, makes air noxious, 138, II. 182. 
Parker, Mr. his improvements on Dr. Nooth’s apparatus 
for impregnating water with fixed air, [I, 298. 
Percival, Dr. his obfervations on the medicinal ufes of 
fixed air, 3c0; his propofal to cure the flone by water 
impregnated with fixed air, I. 360. | 
Phlogifticated air, its {pecific gravity, 46, tos, 119. IL. 
94.3; not meliorated by cold or compreffion, 48; what 
methods failed to reftore it, 73; reftored by agitation 
in water, 99; whether reftored by fixed air, 76.; no 
farther diminifhed by any other fimilar procefs, 106, 
Phlogifton, retained moit cbftinately by charcoal, 137 ; the 
principle that diminifhescommon air, 139, 1783 pre- 
cipitates fixed air from common air, 1313 proved to 
exift in.the electric matter, 186; neceflary to air, II. 53 
impairs the purity of air, ll. §8; a convenient and 
proper term, 282. : 
Pho/phorus, in marine acid air, 151; in alkaline air, 174; 
in nitrous air, @26; in vitriolic acid air, Il. 123 Mr. 
Canton’s, yields fluor acid air, 212. 


ca 
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Price, Dr. his obfervations on the malignant effects of 
ftlagnant waters, 196. 

Pringle, Sir Fobn, the author’s letter to him on the effect 
of flagnant water on air, 196. 

Putrefaction, air infected by i ir, 70; the fame thing with 
air infected by refpiration, 77; reftored by vegetation, 
86; the produce of it depends on various circum- 
Rea cee 81; refifted by nitrous air, 123. 

Pyrophorus, Hombere’s, diminifhes common air, 179, 


Q 


Queries, Fe. 258. 

Duick- lime, coagulates oil of vitriol, II. 229. 
Quick-flver, the method of making experiments in it, ts 
Quills, air ace them by {pirit of n1tre, li, 152. 


R. 


Red precipitate, yields dephlogifticated air, II. 34. 

Refradivettower, of different kinds of air, attempted to 
be afcertained, I. 235. 
Refiduum, of fixed air, equally diffufed through the whole 
mafs of it, 40; the natureof it, 7. Il. 331. . 

Re/piration, air infected by it, 70; the fame thing with 
air infected by putrefaction, 775 air injured by it re- 
ftored by vegetation, 86. 

Ruft of iron, in marine acid air, 1505 fixed: air from it, 
If. 1115 air from it by fpirit of nitre, I. 70. 

Rutherford, Dr. his opinion concerning the nature of 
fixed air, Il. 314. 


S. 


Sal ammoniac, the volatile fpirit of it converted into in- 
flammable air by the electric fpark, 245; compofed 
from alkaline air, and marine acid air, 209. 

Salts, metallic, air from them, I, 112. | 

Scurvy, fea, the probability of curing it by water im- 
pregnated with fixed air, Ll. 290. 

Selling: wax, air fromit-by f{pirit of nitre, II. - 

Sedative falt, air from it, IL. 86, : 

Smeaton, 


NOR hx. 


Smeaton, Mr. the excellence of his air-pump, 202’; his. 
pyrometer ufed to mdadure the expanfion of charcoal by 
heat, II. 256, | 

Smoke, floating in the region of fixed air on the furface of 
fermenting liquor, 26, 

Spirit of wine, in marine acid air, 15Q; converted into 
inflammable air by the eleétric fpark, 2455; yields no 
air by heat, 2535 air from it by fpirit of mitre, II. 124. 

Sugar, in marine acid airy 2383 air from it, I. 117. 

Syphon, ufed in drawing airout of a veifel, 18. 


T. 


Talc, air from itby fpirit of nitre, TT. 84. | 

Tartar, jalt of, air from it by fpirit of nitre, Il. 75. 

Tie, az injured by the calcination of it, 135. 

Turnfole, the | juice of it turns red by taking the cleiltic 
foark over it in common air, 18553 with fixed air, 31 ; 
with nitrous air, 225. ‘ 

Turpentine, oil of, air from it by fpirit of nitre, I. 127; 
in fluor acid air, IJ. 211. 


a. 
Uriae, contains fixed air, Hl. 216, 


Vv. 


Vegetables, how affeéted in fixed air, 36;’flourifh in air 
tainted: with putrefaction, 86; reflore air injured by 
putrefaction or refpiration, ib. 

Vegetable fubjtances, air from them by fpirit of nitre, IT. 
1213 differ from animal fubftances in the tac weatiaiets 
attending their putrefaction, 33. 

Vegetable acid air, II. 23; mixed with alkaline air, II, 243. 
with water, IL 25; with oil, II. 28; injures common 
TF ge | 

Vegetation, veltores, air injured by candles burning in it, 
52; and by refpiration, 49; in confined air, 50; keeps 
water fweet, II. 186. 

Fenelie, Mr. his difcovery of air in Pyrmont water, If. 
208. 

Vitriol, 


Iw 8 YP Ss. 
¥itriol, oil, or fpirit of, not made volatile when poured 
upon chalk, 30; in marine. acid air, 236; coagulated 
by heating quick-lime in it, II. 229. | 
Vitriol, blue, in marine acid air, 237. 
green, in marine acid air, 237. 
white, air from it and other kinds of vitriol, IL. 


113. ; | 
Roman, air from it, H. 86, 111. 
Vitriclated tartar, airy from it, II. 116. 


Vitriolic acid air, difcovered, I]. 1; water impregnated - 
with it, H. 7, 3253: diffolves ice, II. 8; mixed with | 


alkaline air, HI. 24. ; injures common air, II. 10; the 
weakeft of the mineral acid airs, Hl. 11; procured from 
charcoal, If. 14; from ether, II. 15 ; from metals, JI. 
17; not produced by heatonly, Il. 16; a yellow fub- 
flance produced by it and alkaline air, II. 22; the 
fame thing with the fluor acid air, I], 204; the ele&tric 
{park taken in it, IL. 239. 

Volcanos, a conjecture concerning their fupplying a planet 
with air, 263. . 


2 W. 


ie J 

Walfh, Mr. his experiment on the double barometer, 285. 

Warren, Dr. his cafe of a putrid diforder cured by fixed 
au, l.: 

Water, effeQually feparates noxious air from common air, 
773 air injured by agitation in it, 99, 158; impreg- 
nated with nitrous air, 120; with marine acid air, 1463 
with alkaline air, 167; with vitriolic acid air. Il. 7, 
325; with fluor acid air, II. 1905 with vegetable acid 
air, Il. 25 affected by the calcination of metals over 
it, 1353 hasan affinity with phlogifton, 139; its effect 
on air when ftagnant, 196; kept fweet by vegetables 
growingin it, I]. 185. ~ 

w——— impregnated with fixed air, 28; Il. 263, I. 2775 
‘{parkles more after being kept fome time, 323; made 
ftronger by a condenfing machine, 34; no oil of vitriol 
init, 288. . 

Wine, the quantity of fixed air in different kinds of it, 
HH. 227. | | 

Wood, in marine acid air, 231. 

Worms, 
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4. A Familiar Inrropuction tothe THEory and 
Practice of Perspective, with Copper Plates, Price 
gs. in Boards. . . 

5. Directions for impregnating Water with Fixep 
Air, in order to communicate to it the peculiar Spirit and 
Virtues of Pyruont Water, and other Mineral Wa- 
ters of a fimilar Nature, 1s. 

6. Experiments and Obfervations on different kinds of 
Air, with Copper Plates, the fecond Edition; 5s. in 
Boards. « . r ) 

7. A New Cuart of History, containing a View 
of the principal Revolutions of Empire that have taken 
Placein the World; witha Book defcribing it, containing 
an Epitome of Univerfal Hiftory, the third Edition, 10s, 
6d. 

8. A Cuarrt of Brocrapuy, with a Book, contain- 
ing an Explanation of it, and a Catalogue of all the 
Names inferted in it, the fourth Edition, very much im- 
proved, 10s. 6d. . 

g. An Effay on a Courfe of liberal Education for Civil 
and Aétive Life, with Plans of Leétures on, 1. The Study 
of Hiflory and general Policy. z, The Hiftory of Eng- 
land. 3» The Conftitution and Laws of England. 


10, An 


- 
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10. An Examination of Dr. Rerp’s Inquiry into 
the Human Mind on the Principles of Common Senfe; 
Dr. Bearrtiz’s Effay on the Na‘are and Immutability of 
Troth, and Dr. Oswatp’s Appeal to Common Senfe in 
Behalf of Religion, the fecond Edition, 5s, fewed. 

11. Hartrey’s Tueory of the Human Minv on 
the Principle of the Affociation of Ideas, with -Effays re- 
lating to the Subjeé of it, 8vo. 5s. fewed. 

az. ThéRuviments of EnciisH GramMar, adapts | 

_ €d to the Ufe of Schools, 1s. 6d. ‘oz 
” i 13. The above GRAMMAR, with Notes and Obfervas 


tions, for the Ufe of thofe who have made fome Profici« 
ency in the Language, the fourth Edition, 3s. 4 , 
~ 14. An Essay on the Firsr PrinciPies of Governe 
MENT and on the Nature of Ponirican, CiviL, and 
Reticious Liserty, the fecond Edition, much en- 
larged, 5s. | | 
' as. Institutes of Narurat and Revearepd Res 
, Licion, Vol. I. containing the Elements of Natural Res 
ligion; to which is prefixed, An Effay on the beft Me- 
thod of communicating religious Knowledge to the Meme 
bers of Chriftian Societies, 2s. 6d. fewed.—Vol. II. cons 
taining the Evidences of the Jewifh and Chriflian Reve- 
lation, 3s. fewed.—Vol. Il. containing the Doétrines of 
Revelation, 2s. 6d. fewed.——Preparing for the Prefs, the 
Fourth and laft Part of this Work, containing an Account 
of the Corruptions of Chriftianity. ‘- 
“y6. A Free Appress to ProrestanT DissenTers 
‘on the Subject. of the Lord’s Supper, the third Edition, 
with Additions, 2s. i ie 
19, The Additions tothe above may be had alone, 1s. 
18. An Appressto Prorestanr DrssenTeRs on the 
Subject of giving the Lord’s Supper to Children, 1s, 

19. Cons1pERATIONS on DirrzRencesOf OPINION 
among Chriftians; with a Letter tothe Rev. Mr. Venn, 
in An{wer to his Examination of the Addrefs to Proteftant 
Diffenters, 1s. 6d. | 
_ 20. ACarecnism for Children and Young Perfons, the 
fecond Edition, 3d. . 

21. A Scripture Carecuism, confifting of a Series 
ef Queftions, with References to the Scriptures, initead of 

Anfwers, 3d. > — _ 
.) a 
ia 22. A Serious 
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sith Fornis of Family Prayer, the fecond Edition, 6d. 
23. A View of the Principies and Conpnuer of ne 
Prorestant Dissenters, with refpedt td the Civil an 
Ecclefiaftical: acm 8 of Efigland, the fecond Edi- 
tion a 
a4. 5 Se Abana to Prorestanr Dissenters, 
“on the Subjé& of Cxtixcu DisciPLinej with a Preli- 
ninary Difcourfe concerning the Spirit of Chriftianitys 


es 
hh 


A Serious Appress to Masters of Ramiliess ' 


= 


and the Corruption of it by falfe Notions of Religion, 


zs. 6d. 

25. A Sermon preached before the Congregation of 
ProfesTant Dissenters, at Mill Hill Chapel, in 
Leeds, May 16, 1773, On Occafion of his refigning his 
Paftoral Ofice among them, fs. 

26. A Free Aaprre to ProresTaNntT Disstwrersy 
asfuch. Bya Diffenter. A new Edition, enlarged and 
corrected, 1s. 6d.—An allowance 1s made to thofe who 
buy this Pamphlet to give away. 

27. Letters to the Author of Renarbf on feveral late 


Publications relative to the Diffenters, in a Letter to Dre 


Priefiley, 1s. | 
28. An Appeax tothé ferious and candid Profeffors 
of Chriftianity, on the following Subjects, vig..3. ‘The 
Ufe of Reafon La atters eligion. 2. The Power 
of Man to do the Will of pr 3. Original Sim. 4. 
* n and Reprobation. 5. The Divinity of Chrif, 
, 6. Atonément for Sin be the Death of Chrift, ‘ie 

it Bditions ad. 


. A FPAMILIAR InvusTxATion of certain Paf tages 


of ‘Sdliptare relating tothe fame Subjeét, 4d. or 3s. 
perDozen. — 

30. The Trrumea of Trutu; being an Account of 
the Trial of Mr. Elwall, for Herefy and Blafphemy, at 
Stafford Affizes. before Judge Denton, &c. the fecond 
ee id, 

. ConsipERATIONS for the Use of Fagse Men, 
a Ae Parents of Youne Men, ad. 


Ayo, 


*) 
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+S AYo, publifoed under the Direttion of Dr. Priefiley, — 
ee ql si n Spt fs : ; ‘ i : 


In the Firft Volume, which is now reprin ted, feveral 
Articles are added, particularly Two Letters from Dr, 
Tuomas SHaw to Dr. Benson, relating to the Paflage 


of the Hfyaelites through the Red Sea. 


| Fuft publifbed, 
PHILOSOPHICAL EMPIRICISM : 
6 YW CONTAINING: w 
REeMARKs on a CuarGE of PLAGIARISM, 
~~ ‘refpeéting Dr, H——s, 
INTERSPERSED 
With various Obfervations relating to 


DIFFERENT KINDS or AIR. 
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